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Summary
An experimental and theoretical investigation on
the effect of the wing planfonn on the supersonic
aerodynamics of a low-fineness-ratio, multibody con-
figuration has been conducted in tile Langley Uni-
tary Plan Wind Tunnel at Mach numbers of 1.60,
1.80, 2.00, arrd 2.16. Three uncambcred outboard
wing panels were tested on a low-fineness-ratio, twin-
body configuration equipped with an unswept and
swept inboard wing panel. The outboard wing plan-
forIn variations were a delta with a 65 ° leading-
edge sweep, a trapezoidal with a 20 ° leading-edge
sweep, and a trapezoidal with a 20 ° leading-edge
sweep and with increased span and area. Tile two
inboard wing variations included an unswept plan-
form and a leading-edge planform swept 65 °. Also
examined was the effect of side bodies (on versus off)
on the multibody configuration with the unswept in-
board wing panel. Longitudinal aerodynamic force
and moment data, surface-pressure data, and flow-
visualization data were obtained for the eight config-
urations exanfined.
In general, the data indicated that the ratio of
outboard wing area to total wing area significantly
influenced the zero-lift drag coefficient with nfinimal
influence on the lift, drag-due-to-lift, and pitching-
moment characteristics. Tire data also irr(licated that
increasing the sweep of the inboard wing planform
can reduce zero-lift drag. Tire sweep of the inboard
planform also influenced the drag-due-to-lift, charac-
teristics regardless of tile outboard wing planform
shape.
The flow-visualization data showed a complex
flow-field systein occurring between the side bodies.
This flow field consisted of shocks, shock-induced
separation, and body vortex systems. This flow
field was not sensitive to outboard wing planform
shape but was sensitive to inboard wing plalfform
shape. The flow-visualization data showed that the
trends in drag with changes in inboard planform
shape corresponded to distinct changes in the shock-
vortex system occurring between the side bodies.
The variations of tile shock-vortex systenl between
the side bodies also influenced the flow field over the
small-trapezoidal outboard wing. These results were
reflected in the surface-pressure data on the outboard
wing, especially on the most-inboard portion of the
wing. Otherwise, the surface-pressure and flow-
visualization data showed that the flow over the
outboard wing developed as expected with changes
in angle of attack and Mach number.
The bodies-off study was conducted with the
unswept inboard wing panel and the delta outboard
and snmll-trapezoidal outboard wing panels. Tire
flow-visualization data for the bodies-off configura-
tions more clearly showed the existence of the bow
shock from the balance housing over the inboard
wing. As for the bodies on, the outboard wing plan-
forIn shape had a minimal influence on the flow pat-
tern of the inboard wing panel. The addition of the
bodies affected the size of the leading-edge vortex
of the delta outboard wing and tile extent of shock-
induced separation of the snmll-trapezoidal outboard
wing.
Evaluation of the linear-theory prediction meth-
ods revealed their general inability to consistently
predict the characteristics of these nmltibody config-
urations. The methods predicted the correct trends
in the lift, drag-due-to-lift, and zero-lift drag char-
acteristics with changes in outboard wing size and
Mach number. However, the methods did not con-
sistently predict the correct trends in drag-due-to-
lift and zero-lift drag characteristics with variations
in the inboard wing planforin shape. The methods
were not able to correctly predict the trends in longi-
tudinal stability with changes in outboard wing size,
inboard wing planform shat)e, or Mach nmnt)er.
Introduction
The multiple-fllselage aircraft design concept is
well established in aviation history (ref. 1). Since
the t/eginning of powered flight, this design concept
has continually resurfaced. Aircraft design stud-
ies (refs. 2 4) have indicated that significant perfor-
mance improvenmnts can be achieved for subsonic
passenger and cargo aircraft by utilizing the novel
concept of two fltselages. In general, the benefits af-
forded by two fuselages are an effective increase in
wing aspect ratio, reduced wing structural weight as
a result of a reduced wing bending moment, and re-
duced total fuselage weight when both single- and
twin-fuselage geometries are designed for the same
number of passengers or payloads. These benefits
should be independent of aircraft operating speed.
The earlier studies alluded to_ but (lid not quan-
tify, aerodynanfic interference effects associated with
the nmltiple-fuselage design concept. Additional the-
oretical and experimental research on the multibody
concept at supersonic speeds (refs. 5 to 10) has
shown that zero-lift drag can be significantly reduced
through body shaping, body positioning, or both. In
a linear-theory sense, the multibody concept creates
an aerodynamically thinner configuration (i.e., equiv-
alent body with a higher fineness ratio) than the
conventional single-body concept. (See fig. 9.) In




speeds,tile majorityof zero-liftdragis a combina-
tionof wavedragandskin-frictiondrag.Application
of the multibodyconcepttypically increaseskin-
friction dragbecauseof the increasedwettedarea;
however,a decreasein total zero-liftdrag occurs.
This decreaseindicatesa largedecreasein zero-lift
wavedrag. Figure1, which is derivedfrom refer-
ence10,presentsthe resultsof a fundamentalthe-
oreticalstudythat wasconductedto determinethe
impactofconfigurationfinenessratioonthezero-lift
drag reductionpotentialof the nmltibodyconcept
at supersonicspeeds.The figureshowsthe varia-
tion in zero-liftdrag with finenessratio l/d for a
singh'-bo(ty configuration and a comparative (same
volulnetric efficiency, i.e., volume/S a/2) double-body
eonfigurat.ion. The multibody concept provides the
greatest drag reduction potential for low-fineness-
ratio geometries.
To further study the supersouic aerodynamic
characteristics of low-fineness-ratio, multibody con-
figurations, an experimental and theoretical investi-
gation was conducted on a nmltibody configuration
with an l/d of about 12. The effect of body cross-
sectional shape (ref. 10) was examined by varying
the body cross-sectional shape from circular to el-
liptical to horizontal and vertical cuts of those bod-
ies. This study concluded that of the various body
cross-sectional shapes examined, the circular cross-
sectional shape yielded the lowest zero-lift drag. The
effect of outboard wing planform shape on the aero-
dynanfic performance of a low-fineness-ratio, multi-
body configuration has also been examined (ref. 11).
This study concluded that a low-swept, trapezoidal
outboard wing can be used without a large zero-
lift. drag penalty, which usually occurs on single-
body configurations (ref. 12). The trapezoidal wing
also retained the low drag-due-to-lift characteristics
common t.o plauforms with small values of leading-
edge sweep (and high aspect ratio) for single-body
configurations.
In the nmltibody investigation (ref. 11), the out-
board wing panel area comprised about 42 percent of
the total wing area; therefore, the unswept inboard
panel was a significant part of the total wing area.
Thus, the effect of the inboard panel on the overall
aerodynamics was uncertain. The present study was
conducted to determine tile effect of the relative in-
board wing planform size (by varying the outboard
trapezoidal wing planform size) and the effect of in-
board wing panel shape (unswept versus swept lead-
ing edge). In addition, the effect of side bodies (on
versus off) was studied for the unswept, inboard wing
panel. For this study, longitudinal force and moment,
pressure, and flow-visualization data were obtained
front the same basic model of references 10 and 11
but with additional inboard and outboard wing pan-
els. Oil-flow and schlieren data from reference 11
were also used in this study. All configurations were
tested at Mach numbers of 1.60, 1.80, 2.00, and 2.16
in the Langley Unitary Plan Wind Tunnel. This pa-
per reports the results of the experimental testing
and supporting theoretical analysis.
Symbols
The measurements and calculations of this inves-
tigation were made in U.S. Customary Units.
A total (wing and body) planform area,
in 2
b wing reference span, in.
CA corrected axial-force coefficient, Axial
force/qS
C D corrected drag coefficient, Drag/qS
ACD incremental change in drag coefficient,
CD - CD,o
ACD/C2L drag-due-to-lift factor
CD,bh zero-lift drag correction due to
balance-housing geometry
CD, d internal duct. drag coefficient, Internal
duct skin-friction drag/qS
CD,o zero-lift drag coefficient, Zero-lift
drag/qS
CO, O zero-lift wave drag coefficient of equiv-
alent body of revolution in a plane
through the geometry at a given 0
C L lift coefficient, Lift/qS




e L - CLCD,¢





surface pressure coefficient_ (p - poc)/q
side-force coefficient, Side force/qS
wing root chord, in.
wing reference chord, in.
























maximum diameter of body, in.
longitudinal stability parameter at
Og _0 O
far-field wave drag code
lift-drag ratio




Mach number normal to wing leading
edge, ]tl cos ALE (1 + sin2 c, tan2 ALE) 1/2
stagnation pressure, lb/ft 2
local static pressure, lb/ft 2
free-stream static pressure, lb/ft 2
free-stream dynamic pressure, lb/ft 2
Reynolds number, ft -1
wing reference area, in 2
Supersonic Design and Analysis System
cross-sectional area, in 2
longitudinal position from nose of side
body, in.
longitudinal position from apex of
outboard wing, in.
longitudinal position of veing reference
chord from nose of side body, in.
spanwise position from centcrline of
configuration, in.
spanwise position from root chord of
outboard wing, in.
angle of attack, deg
angle of attack normal to leading edge,
tan -1 (tan a/cos ALE)













I 1 unswept inboard wing
I2 swept inboard wing
Wl delta outboard wing
W3 small-trapezoidal outboard wing
W4 large-trapezoidal outboard wing
Flow structure abbreviations:
F feeding sheet of a vortex
R reattachment of flow to surface
S shock
SIS shock-induced separation
SL separation of flow from surface
V vortex
Flow structure subscripts:
a apex of inboard wing
b side body
bh balance housing
i inboard side-body vortex system
iw inboard wing
n nose of side body




t tip of outboard wing
T tab of small-trapezoidal outboard wing
Model Description
Figure 2 shows a three-view sketch of the multi-
body model with the delta outboard wing panel and
the unswept inboard wing panel. Figure 3 identi-
fies the eight configurations tested and the type of
data obtained for each of these configurations. De-
tails of the multibody models are presented in figure 4
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Figures4(a) and 4(b) showthe balancehous-
ingandduct arrangementmountedunderneaththe
nmltibodymodels.Thebalancehousingwaslocated
on the lowersurfaceof the centerwingpaneland
wasbracketedby tile twoflow-throughducts. The
designwasanattempt to limit tile propagationof
the interferenceffectsfromthe balancehousingto










nificantdragpenaltyand a complexand nonlinear





4(f), and 4(g) containdetails of the delta and
two trapezoidaloutboardwing panels.Thesmall-
trapezoidaloutboardwingpanelin figure4(f) hada
tab that assistedin theattachmentof theoutboard
wingpanelto thebalancehousingandductsystem.
Mostof tile tabwascoveredby thesidebodywhen
thewingwastestedwith thebodieson (i.e.,theline
of maxinunnbody(tiameterin fig. 4(f)). However,
thecornerof thetabslightlyprotrudedfromtheside








rices,as indicatedin figures4(e) and 4(f). The
orificesweredistributedspanwisebetween20and
90percentof the localspanat severalx/c stations.
The locations of the pressure orifices are listed in ta-
bles III and IV for the delta and small-trapezoidal
outboard wing panels. The pressures were measured
externally and separately from the force and moment
data.
Test Description
The wind tunnel test program was conducted in
test section 1 of the Langley Unitary Plan Wind
Tunnel at Mach numbers of 1.60, 1.80, 2.00, and





























The dew point was maintained sufficiently low during
the force tests to prevent condensation in the tunnel.
The maximum variation in Maeh number was +0.03.
Reference 13 contains a more detailed description of
the wind tunnel and operating conditions.
Boundary-layer transition strips of No. 60 sand
grit were applied 0.2 in. aft of the leading edge of all
airfoil surfaces, 1.2 in. aft of the nose region for the
side bodies, and 0.2 in. aft of the inlet lip leading
edges. The grit size and location were selected
according to the method of reference 14 to ensure
fiflly turbulent flow over the model and inside the
inlet duct.
Balance cavity pressure and base pressure were
measured throughout the test with a pressure trans-
ducer mounted (externally to the wind tunnel test:
section and connected by pressure tubing to a static
pressure probe located in the balance cavity at tile
model base. Force and moment data were corrected
for free-stream static pressure at the model base and
cavity.
As noted in the section entitled "Model Descrip-
tion," the balance-housing geometry, which consisted
of a wedge surface bracketing a partially axisymmet-
ric body of revolution, resulted in a significant zero-
lift drag penalty throughout the test. A zero-lift drag
correction derived in reference 10 was therefore ap-
plied to the drag data. The correction used at each
Mach number was as follows:
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The total pressure and static pressure at the exit
plane of the ducts were also measured throughout the
test with a pressure transducer mounted externally
to the wind tunnel test section and connected by
pressure tubing to a pressure probe located at the
center of the duct exit plane. These measurements
were then used to correct the experimental data for
internal duct friction drag. This correction is more
fully discussed in appendix A.
Forces and moments were measured with a six-
component electrical strain-gauge balance contained
within the model and connected through a support-
ing sting to a permanent model-actuating system in
the tunnel. The pressure data were obtained sepa-
rately from the force and moment data. The pressure
orifices were connected by tubing to the ESP system
located outside the wind tunnel test section. The
following table shows the accuracy associated with






















Pressure transducer ±0.07 psi +0.02016
The aerodynamic data were obtained at angles of
attack from -4 ° to 20 ° . All angles of attack were
corrected for tunnel flow angularity and for sting
and balance deflections. Extensive flow-visualization
tests were performed with oil-flow, schlieren, and
vapor-screen flow-visualization photographs.
The data reduction used the wing reference area
and wing reference chord of each configuration. The
and 5: of each configuration were calculated at the
eentroid of the configuration wing planform. Ta-
ble I lists the values for these parameters for each
configuration.
Discussion
An experimental and theoretical investigation has
been conducted to determine the effect of the inboard
wing planform on the supersonic aerodynamics of
a low-fineness-ratio, multibody configuration. The
low-fineness ratio was about 12 and was measured by
determining the diameter from twice the maximum
side body cross-sectional area. This investigation
had three parts. The first part determined the
effect of the relative inboard wing planform size.
The second part examined the effect of the inboard
wing planform shape on the aerodynamics of the
configuration. The third part examined the effect of
the side bodies (on versus off) for the configurations
with the unswept inboard wing panel (referred to
hereafter as the unswept-inboard configurations).
In each section of this paper, the experimental
data are discussed first and then the experimental
and theoretical data are compared. Force, pressure,
and flow-visualization data are presented in the ex-
perimental evaluation. Appendix B contains a tabu-
lation of the force and moment data, and appendix C
contains a tabulation of the surface pressure coeffi-
cient data. Table V contains a list of the experimen-
tal data for each configuration.
The near-field interference discussed throughout
this paper is the interaction of the shock systems
and body vortex systems between the side bodies
and over the inboard wing panel. One of the compo-
nents of the near-field interference is the mechanism
by which the zero-lift drag is reduced on the multi-
body configuration when compared with the drag of
the single-body configuration. The nose shock from
one side body impinges on the opposing side body,
such that a pressure increase occurs on an aft-facing
surface and produces a net reduction in drag. Ref-
erences 10 and 11 discuss three contributions to the
near-field interference: effect of nose shock on oppos-
ing side body, effect of nose shock on inboard wing
panel, and effect of balance-housing bow shock on
flow between side bodies. These contributions are
discussed in this paper as well as other contribu-
tions to the near-field interference, such as body vor-
tices, body-wing junction shock, and shock-induced
separation.
Outboard Panel Study
In this section, the effect of the relative inboard
wing planform size is examined by varying the size of
the outboard wing planform. Thus, the inboard to
total wing panel area ratio is varied. The trapezoidal
wing examined in reference 11 was used as the base-
line for this study and is hereafter referred to as the
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Another reason for selecting the small-trapezoidal
wing as the baseline configuration for this study was
to minimize cost. A larger version of the trapezoidal
wing planform can be attached to the existing multi-
body model system with no difficulty. However, a
larger version of the 65 ° delta wing cannot be read-
ily attached to the existing multibody system.
Experimental evaluation. Figure 7 shows the
longitudinal characteristics for the unswept/small-
trapezoidal configuration and the unswept/large-
trapezoidal configuration at M = 1.80. Figure 7(a)
shows the lift and pitching-moment characteris-
tics. The experimental data for the unswept/large-
trapezoidal configuration are limited to an angle
of attack of 8 ° because of model-sting fouling.
The lift and pitching-moment data show that both
unswept/trapezoidal configurations have a linear
variation in CL and Cm up to c_ = 8° (CL = 0.38).
Both configurations also have nearly equivalent lift-
curve slopes, as expected for similar planform con-
figurations. The pitching-moment data show that
the unswept/large-trapezoidM configuration has a
lower slope for the Cm versus (_ curve and lower
pitching-moment coefficient than the unswept/small-
trapezoidal configuration. This observation is dis-
cussed in more detail subsequently.
The drag data in figure 7(b) show that the
large-trapezoidal wing has a zero-lift drag coefficient
significantly lower (_10 percent) than the small-
trapezoidal wing. However, the polar shapes of the
two wings are similar; this similarity indicates that
the two wings have similar drag-due-to-lift character-
istics. This observation is expected because of similar
planform shapes for the two configurations.
In figure 8, the aerodynamic characteristics at
M = 1.80 for the two unswept/trapezoidal config-
urations are presented in terms of lift-to-drag ratio
L/D at three different values of lift coefficient. At
all three values of CL, the unswept/large-trapezoidal
configuration has a greater L/D. At CL = 0.1,
the unswept/large-trapezoidal configuration results
in an increase in L/D of 10.7 percent, when com-
pared with the unswept/small-trapezoidal configu-
ration. This increase in L/D results from the
lower zero-lift drag coefficient associated with the
unswept/large-trapezoidal configuration, as shown
in figure 7(b). At the higher lift condition of
C n = 0.3, the unswept/large-trapezoidal configura-
tion increases L/D by 3.3 percent over the unswept/
small-trapezoidal configuration. Because the two
configurations have the same drag-due-to-lift char-
acteristics, the change in drag at the higher lift co-
efficient, due solely to the lower zero-lift drag, is a
smaller increment of the total drag.
The previous discussion and results were limited
to a Mach number of 1.80; however, figure 9 shows
the variations of the major aerodynamic parameters
over the Mach number range of 1.60 to 2.16. The
lift-curve-slope characteristics are represented on the
left in figure 9(a). As expected for wings of simi-
lar aspect ratio, both trapezoidal configurations have
similar lift-curve-slope values over the Mach num-
ber range, despite the fact that the unswept/large-
trapezoidal configuration has an Aout/S ratio that is
43 percent greater than that of the unswept/small-
trapezoidal configuration. These results indicate that
the outboard wing size has little effect on the total
lift characteristics.
The longitudinal stability data presented on the
right in figure 9 show that the unswept/large-
trapezoidal configuration is slightly more stable (i.e.,
lower dCm/dCL) than the unswept/small-trapezoidal
configuration. The large-trapezoidal wing was lo-
cated slightly farther aft on the configuration than
the small-trapezoidal wing. While the change in wing
position did not significantly affect the centroid loca-
tion, it did, to a large extent, affect the aerodynamic
center location. Consequently, the unswept/large-
trapezoidal configuration was slightly more stable.
Consistent with observations documented in refer-
ence 11, the two unswept/trapezoidal configurations
have either a constant value of or a slight increase
in longitudinalstability(i.e.,decreasein dCm/dCL)
with Mach numbers up to 2.00. At Mach numbers
above 2.00, the longitudinal stability decreases (i.e.,
increase in dCm/dCL). This observation is possi-
bly the result of a change in the near-field inter-
ference between the bodies at high Mach numbers;
this change then influences the aerodynamic cen-
ter such that a decrease in longitudinal stability oc-
curs. This explanation is substantiated by noting
that the decrease in longitudinal stability at higher
Mach numbers occurs on both unswept/trapezoidal
configurations, with the decrease being less severe
on the unswept/large-trapezoidal configuration. The
unswept/large-trapezoidal configuration has more
outboard wing area that influences the position of
the aerodynamic center and thus decreases the ef-
fect that the near-field interference between the bod-
ies supposedly has on the aerodynamic center at the
high Mach numbers.
Figure 9(b) contains the drag characteristics of
the two unswept/trapezoidal configurations over the
Mach number range. The zero-lift drag data, on
the left in figure 9(b), show that over the entire
Mach number range, the unswept/large-trapezoidal
configuration has a lower zero-lift drag coefficient
than the unswept/small-trapezoidal wing. More im-
portantly, the increment in CD, o between the two
unswept/trapezoidal configurations is nearly con-
stant over the Mach number range. The value of
CD,o levels off at Mach numbers greater than 2.00.
This trend corresponds with the previously noted de-
crease in longitudinal stability that is thought to be
associated with a change in near-field interference be-
tween the bodies at higher Mach numbers. The drag-
due-to-lift data, presented on the right in figure 9(b),
show that both unswept/trapezoidal configurations
have similar drag-due-to-lift values as expected for
wings with similar aspect ratio and leading-edge
sweep.
In summary, the comparison of the unswept/
small-trapezoidal and the unswept/large-trapezoidal
configurations showed that the size of the outboard
wing in relation to the total wing area did not af-
fect the lift and drag-due-to-lift characteristics for
the multibody configuration. That is, the increase
in outboard wing area generated an equivalent pro-
portion of lift and drag due to lift. In contrast, the
increase in outboard wing area generated a lower pro-
portion of zero-lift drag, so the zero-lift drag coeffi-
cient for the unswept/large-trapezoidal configuration
was actually lower than that for the unswept/small-
trapezoidal configuration. These trends resulted
in greatly improved lift-to-drag characteristics for
the unswept/large-trapezoidal configuration over the
unswept/small-trapezoidal configuration. Increasing
the size of the outboard wing planform caused a fa-
vorable effect on pitching moment. Similar results
were also observed on the swept/trapezoidal config-
urations. (See figs. 10 to 12.)
The zero-lift drag is composed primarily of a skin-
friction-drag component and a wave drag component.
The skin-friction drag can be expected to increase
proportionally to the increase in outboard wing area,
such that the skin-friction-drag coefficient is equiva-
lent for the two configurations. Figure 13 shows the
skin-friction-drag coefficient as computed with the
method of reference 15 and the experimental zero-
lift drag coefficient. The coefficients for this plot
were adjusted to account for the total planform area,
which includes the wings and the bodies. This ad-
justment reflects the correct proportion of increased
outboard wing area to total planform area. As a re-
sult, the skin-friction-drag coefficient is equivalent for
the small- and large-trapezoidal configurations.
If the wave drag increased proportionally to the
increase in wing area, the zero-lift drag coefficient
would be equal for the two unswept/trapezoidal con-
figurations. However, as shown in figure 13, the
unswept/large-trapezoidal configuration had a lower
zero-lift drag coefficient than the unswept/small-
trapezoidal configuration. This result implies that
the wave drag of the multibody configuration is sen-
sitive to the size of the outboard wing. Similar re-
sults were observed on the swept/trapezoidal config-
urations. (See fig. 14.)
Theoretical analysis. Two supersonic aero-
dynamic prediction computational codes were se-
lected to perform the theoretical analysis. These
codes were an arbitrary-geometry far-field wave drag
code (FFWD) (ref. 16) and the Supersonic De-
sign and Analysis System (SDAS) (ref. 17); both
codes use the linearized supersonic potential flow
equations.
SDAS is an integrated system of computer pro-
grams that was developed for the design and anal-
ysis of supersonic configurations. The system in-
cludes the lift-analysis method of reference 18 and
the skin-friction calculation method of reference 15.
The SDAS code also includes a version of the FFWD
code that uses the solution technique described in
reference 19. However, because the fuselages were lo-
cated off the configuration centerline, a modified ver-
sion of the FFWD code was used. (See ref. 16.) The
modified FFWD code and the skin-friction code were
used to obtain the zero-lift drag characteristics. The
lift-analysis code was used to obtain the lift, drag-
due-to-lift, and pitching-moment characteristics.
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The zero-lift drag theoreticalmodel for the
unswept/deltaconfigurationis shownon the top in
fgure 15.This thickrepresentationof thetotalcon-
figurationwasusedto computethe wavedragand
skin friction. Oil the bottomin figure15,the lift-
analysistheoreticalmodelof tile sameconfiguration
is shown. This Inodellingwaschosenbasedon a
lifting-surfacemodellingstud)'conductedona low-
fineness-ratio,single-bodyconfiguration(ref. 20).
The study in reference20 illustratedthat a mean-
chord-plane representation of the fuselage and wing
planform yields improved results over those obtained
for the wing planform alone and the wing planform
with thick fuselage representation.
Figure 16 presents the experiment and theory ef-
fects of the longitudinal aerodynamic characteristics
for the unswept/trapezoidal configurations. The lift-
curve-slope data on the left in figure 16(a) show that
tile lift-analysis method predicts equivalent lift-curve
slopes for the two unswept trapezoidal wings and
similar trends with the Mach number. The theory
overpredicts the longitudinal stability of the config-
urations, incorrectly predicts the variation due to
change in outboard wing size, but accurately predicts
tile effect of Mach nmnber up to M = 2.00.
Thc lift-curve-slope data (fig. 16(a)) show that
tile computed lift-curve slope agrees well with the
measured results. Theoretically, for a flat wing, the
drag-due-to-lift factor is inversely proportional to the
lift-curve slope. However, the drag-due-to-lift data
(fig. 16(b)) show that the measured and the predicted
values of ACD/C 2 differ for M < 2.00. This dis-
agreement probably results fl'om near-field interfer-
ence effects affecting the induced drag characteristics
but not necessarily the lift characteristics.
Tile drag-due-to-lift data (fig. 16(b)) also indi-
cate that the lift-analysis method sufficiently pre-
dicts the effect of outboard wing size. The CD,o
data (fig. 16(b)) show that the theoretical codes cor-
rectly predicted that the unswept/large-trapezoidal
configuration has a significantly lower CD,o than the
unswept/small-trapezoidal configuration. This ob-
servation contrasts with that of reference 11, which
concluded that the same theoretical codes did not
consistently predict the correct trend of zero-lift drag
coefficient with changes in outboard wing planform
shape; however, the theoretical codes did predict that
the changes in CD,o with respect to changes in out-
board planform shape were small, as was found ex-
perimentally. Also, the planforins from the investi-
gation of reference 11 had equivalent Aout/S values.
In a linear-theory sense, an increase in span on
a single-body configuration results in a less smooth
area distribution and thus a larger zero-lift drag. The
increase in span associated with tile large-trapezoidal
outboard wing generates a less smooth area distribu-
tion as shown in figure 17, which presents the area
distributions at different 0-cuts. However, for the
nmltibody configuration, the effective area distribu-
tion, and thus the zero-lift drag, is determined by
both tile wing planform and the bodies. Therefi)re,
the bodies soften the effect of the increased span on
the effective area distribution, such that the resul-
tant increase in zero-lift drag is not comparable to
the increase in span and reference area. As shown in
figure 18, a resultant lower theoretical CD, O occurs
for most 0-cuts for the large-trapezoidal outboard
wing when compared with tile small-trapezoidal out-
board wing; thus, a reduced zero-lift drag coefficient
is predicted.
These results indicate that for low-fineness-ratio,
multibody configurations, linear-theory methods ad-
equately estimated tile effect of outboard wing size
and Math number on tile aerodyimmic character-
istics. Similar results were found on the swept/
trapezoidal configurations, as shown in figure 19.
Inboard Panel Study
The effect of the inboard wing planforln shape
is examined in this section. The unswept inboard
wing exatnined in reference 11 wa_s used as the base-
line for this study. As previously noted, the inboard
wing constituted over half the total wing area. To
determine the influence tile inboard wing planform
shape has on tile nmltibody aerodynamics, an in-
board swept 65 ° wing was constructed for coinpari-
son. The area and aspect ratio of the swept inboard
wing had similar values to those of the unswept in-
board wing. Figure 4 and table 1 contain details
of the two inboard wings. Tile unswept and swept
inboard wings were tested with tile delta outboard
wing swept 65 ° and the small-trapezoidal outboard
wing swept 20 ° .
Experimental evaluation-force data. Fig-
ure 20 shows the lift, pitching-moment, and drag
characteristics for the unswept-inboard configura-
tions. Figure 21 shows the lift, pitching-monmnt, and
drag characteristics for the swept-inl)oard configura-
tions. The lift data in figures 20(a) and 21(a) show
that, regardless of inboard planform shape, the trape-
zoidal outboard wing generates a slightly higher lift-
curve slope than the more highly swept delta wing.
However, at angles of attack higher than 8°, both
outboard wings have a decrease in lift-curve slope
and a corresponding change in the pitehing-montent




The dragdata in figures20(b)and21(b)show
that for CL > 0.2 (which corresponds to a = 4° )
the trapezoidal outboard configurations have lower
drag coefficient values than their corresponding delta
outboard configurations. However, the trapezoidal
outboard wing has a higher zero-lift drag than the
delta outboard wing for both unswept-inboard and
swept-inboard configurations. For tile unswept/
small-trapezoidal configuration the zero-lift drag co-
efficient is 4.3 percent higher than the unswept/delta
configuration. This change in zero-lift drag coeffi-
cient that. results from a change in outboard plan-
form shape is significantly less than that observed for
single-body configurations (ref. 11). This difference
probably results from two factors: tile outboard wing
composing only a portion of the total wing planform
and the dominance of the near-field interference be-
tween the side bodies in reducing the zero-lift drag.
The change in CD,o due to a change in outboard plan-
form shape for the swept inboard configurations is
even smaller about 2.9 percent.
Figure 22 shows the longitudinal aerodynamic
characteristics for the delta outboard configurations.
Figure 23 shows the longitudinal characteristics for
tile small-trapezoidal outboard configurations. The
data in figures 22 and 23 show that, regardless of
the outboard wing planform shape, inboard wing
leading-edge sweep has little effect on the lift, pitch-
ing moment, or drag-due-to-lift characteristics. How-
ever, the drag data in figures 22(b) and 23(b) show
that. increasing the sweep of the inboard wing de-
creases the zero-lift drag coefficient. The zero-lift
drag coefficient of the unswept/delta configuration
is 3.6 percent higher than the swept/delta configura-
tion. The change in CD,o due to a change in inboard
wing leading-edge sweep for the small-trapezoidal
outboard configurations is 4.8 percent.
In figure 24, the aerodynamic performance char-
acteristics at M = 1.80 for the four configurations
are presented as the lift-to-drag ratio at three dif-
ferent lift-coefficient values. The swept-inboard con-
figurations have higher LID values than the cor-
responding unswept-inboard configurations over the
lift-coefficient range. This result occurs because the
zero-lift drag levels are lower for the swept-inboard
configurations than for the unswept-inboard configu-
rations. The changes in LID due to variations in out-
board planforIn shape are similar for both unswept-
and swept-inboard configurations. For both these
configurations, the trapezoidal outboard wing re-
suits in a lower L/D value at the lowest. CL con-
dition because the trapezoidal outboard wing has a
higher zero-lift drag than the delta outboard wing.
At the highest CL condition, the trapezoidal out-
board configurations have a higher L/D value than
their corresponding delta outboard configurations;
this condition indicates that the improved drag-due-
to-lift characteristics common to high-aspect-ratio
planforIns overcome the small zero-lift drag penalties
associated with these wing pla.nforms on tile nnflti-
body configuration.
The previous discussion and results were linfited
t.o a Maeh number of 1.80; however, figure 25 shows
the variations of the major aerodynamic parame-
ters over tile Mach number range of 1.60 to 2.16.
The lift-curve-slope data presented on tile left. in
figure 25(a) indicate that no significant impact oc-
curs for changes in inboard planform shape for ei-
ther the small-trapezoidal or the delta outboard con-
figurations investigated. The longitudinal stability,
data presented on the right in figure 25(a.) show that
all four configurations have similar stability levels;
that is, the moment center location is aft of the
aerodynamic center. The data also show that the
unswept- and swept-inboard configurations have the
same trend in longitudinal stability with respect to a
change in outboard planform shape.
A more significant observation is that the longitu-
dinal stability data, for both the delta and the small-
trapezoidal outboard configuration, indicate that a
swept-inboard planform provides the multibody con-
figuration with slightly more longitudinal stability.
This increased stability results from a rearward shift
of the aerodynamic center that is greater than the aft
movement of the computed moment center location.
For the delta outboard configurations, the increase in
longitudinal stability due to the swept inboard wing
is nearly constant across the Mach number range. At
M = 1.60 the increase in longitudinal stability due to
the swept inboard planform is greater for the trape-
zoidal outboard wing than for the delta outboard
wing at M = 1.60. However, the increase in lon-
gitudinal stability for the trapezoidal outboard wing
decreases as Mach number increases. This effect is
probably due to increased shock-induced separation
with increasing Maeh number over the trapezoidal
outboard wing. All configurations have a longitu-
dinal stability that remains constant or increases as
Maeh number increases up to M = 2.00.
Figure 25(b) shows the effect of inboard planform
shape on tile drag characteristics of the low-fineness-
ratio, multibody configuration. The zero-lift drag
data, shown on the left in figure 25(b), show that
the swept-inboard configurations have lower zero-
lift drag coefficient values than the corresponding
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unswept-inboardconfigurationsthroughoutheMach
numberrange. This trendcorrespondsto existing




rapid decreasein CD,o with an increase in Mach
number than do the swept-inboard configurations.
Reference 21 attributes this trend to the supersonic
leading-edge condition of the unswept wing. How-
ever, another explanation for both trends in the CD,o
data could be the interference effects between the side
bodies. These interference effects are the mechanism
by which zero-lift drag is reduced on multibody con-
figurations, when compared with the zero-lift drag
of single-body configurations. Specifically, the shock
originating from one body impinges on an aft-facing
portion of the other body, where the increase in pres-
sure due to the shock results in an incremental reduc-
tion in drag. Thus, the swept-inboard wing probably
influences the flow field between the side bodies in a
more favorable manner; that is, the zero-lift drag is
further reduced. The changes in CD,o for the swept-
inboard configurations, due to variations in outboard
planform shape and Mach number, are similar to
those for the unswept-inboard configurations.
The drag-due-to-lift data, presented on the right
in figure 25(b), show that the changes in ACD/C2L
due to changes in outboard planform shape are sim-
ilar for both swept- and unswept-inboard wings.
The drag-due-to-lift data also show that the in-
fluence of the inboard planform shape varies with
Mach number. At the lower Mach numbers of
1.60 and 1.80, the swept-inboard configurations have
a lower drag-due-to-lift parameter than the corre-
sponding unswept-inboard configurations. However,
at some higher Mach number (M _ 1.90 for the
trapezoidal outboard configuration and M _ 2.05
for the delta outboard configuration) the trend re-
verses itself, such that the swept-inboard configura-
tions have higher drag-due-to-lift levels than their
corresponding unswept-inboard configurations. This
variation with Mach number may result because the
leading edge of the swept-inboard wing approaches
a supersonic leading-edge condition as Mach num-
ber increases. However, the data in reference 21
show the opposite trend with Mach number for
single-body configurations. That is, for single-body
configurations, an unswept wing has lower drag-due-
to-lift characteristics than a swept wing with a sub-
sonic leading-edge condition. Then, as Mach num-
ber increases and the leading edge of the swept wing
becomes supersonic, the unswept wing has higher
drag-due-to-lift characteristics than the swept wing.
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Thus, the trends observed on the multibody con-
figurations suggest that the changes in drag-due-to-
lift characteristics with changes in inboard planform
shape probably result from the influence of the in-
board planform on the near-field interference effects
between the side bodies.
Experimental evaluation--j_ow- visualiza-
tion data. Data obtained from several different
techniques of flow visualization are presented in this
section. The flow structures in the photographs
are labeled with the notation in the section enti-
tled "Symbols." In the previous discussion, sev-
eral trends of the aerodynamic parameters were
associated with near-field interference effects pre-
dominantly caused by the shock and vortex systems
existing between the side bodies. Figure 26 contains
a summary sketch of the flow pattern over the up-
per surface of the unswept/small-trapezoidal config-
uration. The oil-flow, schlieren, and vapor-screen
data in figures 27 to 31 were used to derive this
sketch. The flow-field patterns in this sketch are dis-
cussed with the flow-visualization data. Figures 27
and 28 show oil-flow and schlieren photographs ob-
tained for the unswept/small-trapezoidal configura-
tion at M = 1.80 and 2.16 and _ = 0°, 4 ° , and 8° .
The oil-flow photographs shown in this paper are for
the upper surface. The photographs for a = 0° show
that increasing the Mach number decreases the shock
cone angle of the side-body nose shock and produces
a rearward shift in the location of the intersection
of the nose shocks and thus in the location of the
impingement of the body nose shock onto the side
body. Increasing the angle of attack also produces a
rearward shift in the location of the impingement of
the body nose shock onto the side body. This rear-
ward shift with increasing angle of attack is caused
by the rotation and distortion of the shock cone em-
anating from the nose of the side body. The growth
of this shock system with angle of attack is also ev-
ident in figure 29, which presents the vapor-screen
photographs obtained at x = 12.3 in. (which corre-
sponds to the most-forward row of pressure orifices on
the small-trapezoidal outboard wing) for M = 1.60,
1.80, 2.00, and 2.16 at a = 4°, 8 °, 12 °, and 16 °.
For both Mach numbers, the oil-flow photographs
(fig. 27) also show shocks that originate from the
junction of the body and inboard wing. The oil-flow
photographs and the corresponding schlieren photo-
graphs (fig. 28) show that the nose shock crosses tile
leading edge of the inboard wing and intersects with
the shock from the junction of the body and inboard
wing. The result is two weakened shocks that are
shown in the oil-flow photograph for a = 8° and
M = 2.16. The oil-flow photographs (fig. 27) also
showthat this shocksystemstrengthensas angle
of attack increases.This trend is alsoevidentin
figure30, which presentsthe vapor-screenphoto-
graphsobtainedat x = 17.7 in. (which corresponds
to the most-aft row of pressure orifices on the small-
trapezoidal outboard wing) for M = 1.80 and 2.16
at a = 4°, 8 °, 12 ° , and 16° . The growth of the
shock system down the length of the inboard wing
at c_ = 16 ° and Mach numbers of 1.80 and 2.16 is
shown in figure 31, which presents the vapor-screen
photographs obtained at each of the four rows of
pressure orifices on the small-trapezoidal outboard
wing.
Another shock structure contributing to the near-
field interference effects is the detached bow shock
from the cone-wedge surface of the balance housing.
A review of the exact solution for cones and wedges
(ref. 23) indicates that at M = 1.60, the balance-
housing wedge angle of 19 ° results in shock detach-
ment at c_ = 0°. For Mach numbers greater than
1.60, the shock detaches at a > 0 °, with the angle
at which the bow shock detaches increasing with in-
creasing Mach number. The schlieren photographs
(fig. 28) show the protrusion of the balance-housing
bow shock at the leading edge of the unswept in-
board wing panel for M = 1.80 and c_ = 4 ° and
8° . However, the bow shock is not evident in the
schlieren photographs at M = 2.16. The growth
of this balance-housing shock with angle of attack
and Maeh number is also shown in the vapor-screen
photographs in figure 29. The growth of the bow
shock from the balance housing in the chordwise di-
rection on the inboard wing is shown in the vapor-
screen photographs in figure 31.
Another structure contributing to the near-field
interference effects is the side-body vortex system.
The oil-flow photographs in figure 27 show a vortex
on each side of both side bodies. These body vor-
tices are small enough that they do not appear in the
vapor-screen photographs in figure 30 for o_ _< 8 °. At
ct = 8°, the oil-flow photographs (fig. 27) show that,
with increasing distance from the leading edge, the
secondary separation line of each inboard side-body
vortex system moves away from the side body onto
the inboard wing. The secondary separation line of
each outboard side-body vortex system also moves
away from the side body onto the outboard wing.
However, the secondary separation line of each in-
board side-body vortex system moves farther away
from the side body than the secondary separation
line of each outboard side-body vortex system. This
movement is also shown in the vapor-screen photo-
graphs in figure 31. At the most-forward longitudi-
nal location in figure 31, both inboard and outboard
side-body vortices appear to sit on the side bodies.
Moving in a ehordwise direction, the core of the in-
board vortex moves away from the side body, while
the outboard vortex remains close to the side body
and moves toward the top of the side body. The
movement of both outboard and inboard side-body
vortex systems in the inboard direction occurs be-
cause the swept, trapezoidal outboard wing has a
greater compression field than the unswept inboard
wing.
The development of the inboard shock system
and the side-body vortex system is similar for the
unswept/delta configuration, as shown in the sum-
mary sketch (fig. 32) and in the flow-visualization
data (figs. 33 to 36). Thus, the outboard planform
shape does not significantly affect the inboard side-
body vortex and shock systems.
The flow structures between the side bodies are
affected by the shape of the inboard planform. Fig-
ure 37 is a summary sketch of the flow field over the
swept/small-trapezoidal configuration. Figures 38
and 39 are oil-flow and schlieren photographs for the
swept/small-trapezoidal configuration at M = 1.80
and 2.16 and c_ = 0°, 4 °, and 8°. The swept/small-
trapezoidal configuration has two shock systems oc-
curring over the swept inboard wing. The schlieren
photographs for M = 1.80 (fig. 39) clearly show that
the side-body nose shock impinges the opposing side
body ahead of the junction of the body and inboard
wing. The nose shock angle is 35.5 °. For M = 1.80,
the Mach angle of the bow shock of the swept in-
board wing is about 33.75 °. Because the swept in-
board wing is located behind the nose shock system,
the local Mach number is less than 1.80, so the bow
shock angle is greater than 33.75 ° . The bow shock of
the swept inboard wing has probably merged with the
nose shocks. Therefore, the first shock system over
the swept inboard wing is the reflection of the merged
nose and wing bow shock off the side body ahead
of the junction of the body and inboard wing. The
second shock system evident in the oil-flow photo-
graphs (fig. 38) is the result of the junction of
the body and inboard wing. Both shock systems
strengthen as angle of attack increases; this effect
is evident in both the oil-flow photographs in fig-
ure 38 and in figures 40 and 41, which present the
vapor-screen photographs obtained at x = 12.3 in.
and x = 17.7 in. for M = 1.60, 1.80, 2.00, and 2.16
at a=4 °,8 ° , 12 °,and 16 ° .
In contrast, at M = 2.16 the overall shock sys-
tem for the swept/small-trapezoidal configuration
has three shock systems. Instead of the nose shock
and wing bow shocks merging, the nose shock crosses
the leading edge of the swept inboard wing, as shown
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the wing bow shock forming just ahead of the lead-
ing edge of the swept inboard wing. Most of tile
swept inboard wing is located behind the nose shocks;
thus, the local Mach number is lower than the free-
stream Mach number of 2.16. Because a wing swept
65 ° develops a supersonic leading-edge condition for
M > 2.00, the swept inboard wing probably ap-
proaches a supersonic leading-edge condition when
the free-stream Mach number is 2.16. Therefore, the
second shock system results because the bow shock
of the inboard wing panel impinges on the body close
to the body-wing junction. Tile third shock system
is the result of tile junction of the body and swept
inboard wing.
As shown in the data for the unswept/small-
trapezoidal multibody confguration (figs. 29 and 30),
the bow shock from the balance housing detached
from the leading edge of tile inboard wing and rose
over the inboard wing. The schlieren and vapor-
screen photographs (figs. 39 and 40) show no evi-
dence of the bow shock from the balance housing
forming over the inboard wing of the swept/small-
trapezoidal configuration. The swept inboard wing
extends in front of the balance-housing system (fig. 4)
and apparently prevents the balance-housing shock
from extending over the swept inboard wing.
The side-body vortex system is shown in the
vapor-screen photographs in figure 41 for a > 8 °
and M = 1.80 and 2.16. Figures 37 and 41 show
that the inboard side-body vortex system does not
move as far away from the side body as it does for
the unswept/small-trapezoidal configuration (figs. 27
and 30). One reason for this trend is that the swept
inboard wing has a greater compression field than
the unswept inboard wing. However, another possi-
ble reason is tile interaction of the side-body vortex
with the shock systems. The oil-flow photographs
(fig. 38) show shock-induced separation occurring at
the point where the first shock system impinges on
the side body (junction of the body and inboard
wing). This shock-induced separation is shown in the
vapor-screen photographs in figure 42, which shows
the development of the shock systems and side-body
vortices down the length of the inboard wing for
M = 1.80 and 2.16 at a = 16 °. At the most-forward
station, a series of separated flow regions occurs just
inboard of the side bodies. Upon moving in a chord-
wise direction on the wing, the shock-induced separa-
tion grows and eventually merges with the side-body
vortex system, which is pulled down from the top
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of the side body. (See fig. 42.) This interaction of
the shock-induced separation and the inboard side-
body vortex system is possibly one reason why the
inboard side-body vortex system for the swept/small-
trapezoidal configuration does not move as far away
from the side body as it did for the unswept/small-
trapezoidal configuration.
As previously discussed, a series of separated flow
regions occurs just inboard of the side bodies (fig. 42).
This effect corresponds to a slightly different shock
structure for the bow shock of the inboard wing panel
for c_ = 16° at M = 2.16 and 2.00. (See fig. 41.)
There appears to be two shocks where there was just
one at (_ = 8 °.
The data in figures 37 and 40 to 42 show
that the outboard side-body vortex system for the
swept/small-trapezoidal configuration moves farther
away from the body than it does for the unswept/
small-trapezoidal configuration (figs. 26 and 29 to 31).
The inboard side-body vortex on the swept/small-
trapezoidal multibody configuration remains closer
to the side body than it does for the unswept/small-
trapezoidal multibody configuration. Apparently, in
remaining closer to the side body, the inboard side-
body vortex system forces the outboard side-body
vortex system farther away from the side body than
it does for the unswept/small-trapezoidal multibody
configuration.
The development of the inboard shock system and
inboard side-body vortex system for the swept/delta
configuration is similar to that for the swept/small-
trapezoidal configuration. (See the summary sketch
in fig. 43 and the flow-visualization data in figs. 44
to 47.) Thus, the outboard planform shape does
not significantly affect the inboard side-body vortex
system and the shock system for the swept inboard
wing. This trend was also observed for the unswept
inboard wing.
For all four configurations, tile side-body vortex
system and the shock system appear to gain strength
at c_ > 8°. These observations suggest that the break
at e_ = 8 ° in the lift and pitching-moment curves
shown in figures 20(a) and 21(a) is due to the flow
structures between the side bodies.
The development of the shock system between the
side bodies differs with inboard planform shape. This
observation corresponds to a decrease in the zero-lift
drag coefficient with an increase in the leading-edge
sweep of tile inboard wing (fig. 25(b)). The interfer-
ence effects between the side bodies are the mech-
anisms by which drag is reduced; thus, multibody
configurations have less drag than single-body con-
figurations. Specifically, the shock originating from
onebody impingeson the otherbody in a region
wheretheincreasein pressuredueto theshockgives
a negativeincrementalvalueof dragbecauseof the
higherpressureactinguponthe aft-facingslopeof
the body. For the unswept-inboardconfigurations,
the noseshockimpingedon the sidebody down-
streamofthejunctionof thebodyandinboardwing
at bothM = 1.80 and 2.16 (figs. 26 and 32). Because
the nose shock traveled across the unswept inboard
wing, the nose shock lost some strength from inter-
acting with the compression field of the unswept in-
board wing and from interacting with the shock from
the junction of the body and inboard wing. How-
ever, the swept-inboard configurations had a shock
that impinged on the side body ahead of this june-
tion (figs. 37 and 43) and was, therefore, stronger
than that of the unswept-inboard configurations. Be-
cause the swept-inboard configuration has a stronger
shock, the increased pressure then acts over the re-
maining body surface, which has a longitudinal ori-
entation mostly aftward, and a reduction in pressure
drag occurs. However, the greater drag reduction of
the swept-inboard configuration has probably been
compromised somewhat by the pressure decrease on
the body; this decrease is caused by shock-induced
separation (figs. 38 and 44).
Figure 25(b) also shows that as Mach number
increases the difference in the zero-lift drag coefficient
between corresponding unswept- and swept-inboard
configurations decreases. This observation can also
be related to the development of the shock system
between the side bodies. As noted previously, the
shock system for the swept-inboard configurations
consisted of a shock from the nose of each side body,
a bow shock from the swept inboard wing, and a
shock from the junction of the body and inboard
wing. As Mach number increases, the bow shock of
the inboard wing approaches the leading edge. (See
figs. 39 and 46.) Eventually tile bow shock becomes
attached as the inboard wing changes to a supersonic
leading-edge condition. The shock system over the
inboard wing is then composed of the nose shock
and the shock from the junction of tile body and
inboard wing. Therefore, as Mach number increases,
the swept-inboard configurations approach the same
type of shock system as the one on the unswept-
inboard configurations.
At angle of attack, the differences in shock sys-
reins between the swept- and unswept-inboard con-
figurations are still evident. Thus, the drag for the
swept-inboard configurations at a lift condition can
be expected to be lower than that of the unswept-
inboard configurations. The drag-due-to-lift data
in figure 25(b) show that, at the lower Mach hum-
bers, the swept-inboard configurations do indeed
have lower drag-due-to-lift characteristics than their
corresponding unswept-inboard configurations. This
trend is opposite to tile one observed in reference 21,
which showed that for constant aspect ratio, an
unswept wing has lower drag-due-to-lift character-
istics than a swept wing with a supersonic leading-
edge condition. For the higher Maeh numbers, the
drag-due-to-lift characteristics of tile swept-inboard
configurations are higher than their corresponding
unswept-inboard configurations. This observation
corresponds to an increase in the amount of shock-
induced separation occurring at the body-wing junc-
tion with an increase in Mach number. (See figs. 38
and 44.)
Another difference in the shock system between
tile side bodies for the unswept- and swept-inboard
configurations is the presence of the bow shock from
the balance housing. As previously discussed, tile
cone-wedge surface of the balance housing generated
a detached shock for all Mach mnnbers at c, > 0°.
with the angle of attack at which the bow shock
detaches determined by the Mach number. For the
unswept inboard wing, this bow shock detached from
the leading edge of the inboard wing and rose over
the inboard wing. (See figs. 28, 29, and 31.) Tile
swept inboard wing extends in front of the balance-
housing system (fig. 4) and thus prevents the bow
shock from the balance housing from rising over the
inboard wing panel. (See figs. 39, 40, and 42.) The
existence of this bow shock over tile inboard wing
probably, weakens the nose shock system and thus
reduces the drag reduction due to the impingement
of the nose shock on the side body.
The vapor-screen photographs in figure 35 not
only illustrate the flow development between the side
bodies with angle of attack but also show the devel-
opment of the flow field over the outboard wing of the
unswept/delta configuration with angle of attack at
M = 1.60, 1.80, 2.00, and 2.16. These photographs
show that the primary flow structure over the delta
outboard wing is that of a leading-edge vortex. For a
given Mach number, this vortex becomes larger as tile
angle of attack increases, and the core of the vortex
eventually lifts off the surface of the wing. The vapor-
screen photographs also show that for a given angle
of attack, the leading-edge vortex becomes elongated
as Mach number increases. These observations corre-
spond with experimental observations for delta wings
by Miller and Wood (ref. 24) and many others. Fig-
ure 48(a) presents the flow classification chart con-
structed by Miller and Wood (ref. 24) and inodified
by McMillin, Thomas, and Murman (ref. 25). The




showsthelocationsof a wingswept65° anda wing
swept20° at the Mach nmnbers and angles of attack
in this inw'stigation. Figure 48(b) presents sketches
of the six flow felds.
The vapor-screen photographs (fig. 46) show the
developnmnt of the flow field over the outboard
wing of the swept/delta configuration with angle
of attack at 2_I = 1.60, 1.80, 2.00, and 2.16. A
comparison of these photographs with those of the
mlswept/delta configuration (fig. 35) shows that the
inboard planform shape does not significantly influ-
ence the development of the leading-edge vortex with
angle of attack or Mach immber.
To relate the small-trapezoidal outboard wing
with the flow classification chart (fig. 48), vapor-
screen photographs upstream of the wing tip nmst be
used. Figure 29 shows the vapor-screen photographs
from the most-forward longitudinal location on the
unswept/small-trat)ezoidal configuration. Figure 40
contains similar photographs for the swept/small-
trapezoidal configuration. Photographs are pre-
sented at (_ = 4° , 8 ° , 12 _. and 16 ° and at _.I = 1.60,
1.80, 2.0(}. and 2.16. The vapor-screen photographs
h)r both small-trapezoidal outboard configurations
show attached flow at tile leading edge of the small-
trapezoidal outboard wing at each Mach number
through the angle-of attack range. This observation
correst)onds to the location of a wing swept 20 ° on
the flow classification chart in figure 48(a).
The oil-flow photographs (figs. 27 and 38) for
the small-trapezoidal outboard configurations also
show attached flow at the leading edge of the snmll-
trapezoidal outboard wing. These photographs and
the schlieren photographs in figures 28 and 39 show
a shock occurring over the surface of the trapezoidal
outboard wing. Tlle shock appears to emanate from
the junction of the body and outboard wing, where
the tab of the trapezoidal wing protrudes from the
side body as shown in figure 6(a). The sehlieren
photographs of the unswept/large-trapezoidal con-
figuration in figure 49 also show a shock over the
outboard wing. This shock emanates froin the body-
wing junction. Because the large trapezoidal out-
board wing <lid not have a tab, the shock over the
small-trapezoidal outboard wing is probably a result
of the body-wing junction and not the tab of the
trapezoidal wing.
The growth of the shock of the body and outboard
wing junction in the streamwise direction for the
unswept/small-trapezoidal multibody configuration
at _t = 16 ° is shown in the vapor-screen photographs
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in figure 31. Also evident is a shock emanating from
tile tip of the snmll-trapezoidal wing. This shock cor-
responds to the cross flow shown at the tip in the oil-
flow photographs (fig. 27) and the tip vortex shown
in the sehlieren photographs (fig. 28). The vapor-
screen photographs in figure 31 also show the forma-
tion of separation beneath the body and outboard
wing junction shock. This shock-induced separation
does not occur until the most-aft longitudinal station.
However, on the swept/small-trapezoidal config-
uration, the shock-induced separation occurs farther
upstream, as shown in figure 42. Also, the angle of
the body and outboard wing junction shock is slightly
larger on the swept/small-trapezoidal configuration.
(See figs. 27, 31, 38, and 42.) These observations im-
ply that the body and outboard wing junction shock
is stronger on the swept/small-trapezoidal configura-
tion than on the unswept/snmll-trapezoidal configu-
ration. One explaxmtion is that the swept-inboard
configuration does not have the balance-housing bow
shock sitting over the inboard wing as does tile
unswept-inboard configuration. Another explanation
is that the swept inboard wing does not reduce the
upwash on the small-trapezoidal outboard wing as
nmch as the unswept inboard wing because of the
more-aft location of the intersection of the body and
inboard wing on the swept-inboard configuration.
Experimental evaluation surface pressure
coejficient data. The vapor-screen photographs
discussed in the previous section were obtained at
the longitudinal locations at which surface-pressure
data were obtained on the outboard wing. Spanwise
pressure distributions were obtained on the delta
outboard wing at x _ = 0.4c, 0.6c, and 0.8c (where x I
is measured from the apex of the outboard wing and c
is the root chord of the outboard wing, as shown
in fig. 4(el), and they were obtained at 10 nominal
angles of attack. Figure 50 shows the effect of
angle of attack on the spanwise surface pressure
coefficient distributions on the delta outboard wing
for the unswept/delta configuration at M = 1.6{),
1.80, 2.00, and 2.16. For each Mach number, the
surface pressure coefficient distributions illustrate the
development of a leading-edge vortex with increasing
angle of attack. (See the vapor-screen photographs
in fig. 35.) The sharp change in surface pressure
coefficient near r] = 0.5 marks the edge of the primary
vortex (i.e., the primary reattachment line).
Figure 51 shows tile effect of Mach number
on the surface pressure coefficient distribution for
c_4 ° , 8 ° , 12 ° , and 16 ° . The data show that
Math number increases, the strength of the pri-
mary vortex decreases. In fact, at the higher Math
numbers(2lI_>2.00),the leading-edgevortexforms
at a higherangleof attack (ct > 4°) than it does
at the lowerMachnumbers(a _<4°). Theseobser-







andswept-inboardconfigurationsat the x _ = 0.4c,
0.6c, and 0.8c stations on the delta outboard wing
are presented at c_ _ 4 ° , 8 ° , 12 ° , and 16 ° for Mach
numbers of 1.60, 1.80, 2.00, and 2.16. For each Mach
number, the surface pressure coefficients at the x I =
0.4c station are greater (i.e., more positive) for tile
swept-inboard configuration. Apparently, tile out-
board wing at x _ = 0.4c station experiences a lower
local flow incidence when the swept inboard wing is
attached. The reduced upwash on the outboard wing
for the swept/delta multibody configuration proba-
bly occurs because of the increased sweep of the in-
board wing and the location of the intersection of the
inboard wing and body. Also, as shown ill figure 35,
the inboard swept wing has shock-induced separa-
tion occurring near the junction of tile body and in-
board wing. This separation can possibly' produce
a downwash on the outboard wing that effectively
lowers the local flow incidence angle on the forward
portion of the outboard wing. These explanations
are supported by noting that farther downstream tile
surface pressure distributions of the unswept- and
swept-inboard configurations are similar, especially
outboard toward the leading edge. This siinilarity
indicates that farther downstream away from the lo-
cation of the junction of the body and inboard wing,
the unswept- and swept-inboard configurations are
nearly similar local flow incidences.
However, the data in figure 52 show that for
M > 1.60 at x _ = 0.6c and 0.8c, the most-inboard
surface pressure coefficients for the unswept-inboard
configuration are greater (i.e., more positive) than
those for the swept-inboard configuration. This ob-
servation corresponds to the outboard side-body vor-
tex system that moves farther away from tile body
with an increase in inboard leading-edge sweep.
Spanwise pressure distributions were obtained on
the small-trapezoidal outboard wing at x' = 0.2c,
0.4< 0.6c, and 0.8c (fig. 4(f)) and at 10 nominal an-
gles of attack. Figure 53 shows the effect of angle
of attack on the spanwise surface pressure coefficient
distributions on the small-trapezoidal outboard wing
for the unswept/small-trapezoidal configuration at
M = 1.60, 1.80, 2.00, and 2.16. These distributions
show attached flow at. the leading edge with a nearly
constant surface pressure coefficient across the span.
For c_ > 4°, an inflection in the surface pressure coef-
ficient distribution occurs and travels across tile span
with increasing longitudinal station. This inflection
corresponds to the shock emanating at the .jmlction
of the body and outboard wing. The shock angles
for M = 1.80 and 2.16 were obtained from figure 27
and are shown ill figures 53(b) and 53(d).
Figure 54 shows tile effect of Mach number on
the surface pressure coefficient distribution over the
small-trapezoidal outboard wing for (_ 4°, 8 °, 12 °,
and 16 °. The data show that as Mach nuinber in-
creases the surface pressure coefficient over the top of
tile wing increases (becomes more positive) trot the
trend with angle of attack remains the same. The
data in figure 54 (especially in fig. 54(c)) show that
the inflection in the (tist ribution moves inboard with
increasing Mach number. This effect corresponds
with the shock angle decreasing with increasiIlg Mach
number. The data in figure 54 also show that the
inflection in the surface pressure coefficient distribu-
tion moves slightly inboard with increasing angle of
attack. This effect is caused by the rotation and dis-
tortion of tile shock cone with increasing angle of
attack.
Figure 55 shows the eflbct, of inboard planform
shape on the surface pressure coefficient distribu-
tion over the small-trapezoidal outboard wing. Tile
surface pressure coefficient distributions for both
unswept- and swept-inboard configurations at. the
x' = 0.2c, 0.4c, 0.6c, and 0.8c stations on the small-
trapezoidal outboard wing are presented at a_ ,1°,
8 ° , 12° , and 16 ° for Mach numbers of 1.60, 1.80,
2.00, and 2.16. As for the delta outboard configu-
rations (fig. 52), the most-inboard surface pressure
coefficients for the swept/small-trapezoidal config-
uration are greater (more positive) than those for
the unswept/small-trapezoidal configuration at the
more-forward longitudinal locations. However, this
difference is probably not due to a reduced upwash
from an increase in inboard leading-edge sweep be-
cause the junction of tile body and inboard wing
occurs farther aft than the apex of the trapezoidal
outboard wing. Tile data in figure 55 show that
this deficit propagates across the span of the wing
with increasing longitudinal location. The shock an-
gles for M = 1.80 and 2.16 were obtained from fig-
ure 27 and are shown in figures 55(b) and 55(d). This
deficit corresponds to the shock emanating at the
junction of the body and outboard wing; this rela-
tionship indicates that the shock is stronger for the
swept-inboard configuration than for the unswept-
inboard configuration. This explanation corresponds
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events.First, thejunctionof the bodyandinboard
wingoccursdownstreamofthetrapezoidaloutboard
wing apexsuchthat the downwasheffectson the
outboardleadingedgeareminimized.Second,the
balance-housingbow shockis not presenton tim
swet)t-inl)oardconfiguration.
As for the delta-outboardnmltibodyconfigura-
tions (tig. 52) the data in figure55 showthat the
most-int)oardsurfacepressurecoefficientsfor the
unswept/small-trapezoidalconfigurationaregreater(morepositive) than those for the swet)t/small-
trapezoidalconfigurationat the more-forwardlon-
gitudinallocations.Thefact that this trendoccurs
regardlessofoutboardwingplanformshapesupports
the ext)lanationthat this trend is connectedwith
the outboardside-bodyvortexsystemmovingfar-
ther awayfrom the sidebody with an increasein
inboardl('a(ting-edgesweep.
Theoretical analysis. A comparison between
ext)eriment and theory for the longitu(tinal aero-
(tynamic characteristics of the unswept- and swept-
inboard configurations is shown in figure 56. Tile
lift-curve-slope data on the left in figure 56(a) show
that the SDAS code predicts the correct trends with
rest)eet to variations in inboard planform shape and
Math number. On the right in figure 56(a), the lon-
gitudinal stal)ility data silow tha.t the theory under-
predicts the instat)ility of the configurations, as for
single-hody configurations. Also, the experimental
(tata show that up to _lI = 2.00, the nnlltibody con-
tiguration has increasing stability or nearly constant
stability with increasing Mactl number. This trend
is the opposite of that typically found on single-body
aircraft at supersonic speeds and is predicted cor-
rectly by the SDAS code. The longitudinal stability
data in figure 56(a) also show that up to M = 2.00,
the theory correctly predicts the effect of inboard
wing planform shat)e trot incorrectly predicts the
effect of outboard wing planform shape across the
Math mmfi)er range.
Tile theoretical drag characteristics are compared
with the ext)erimental results in figure 56(b). The
zero-lift drag coefficient data on the leR in fig-
ure 56(t7) show that the theory does not consistently
predict that adding leading-edge sweep to the in-
board wing lowers the CD,o, as was found experi-
mentally. The predicted increment in CD,o due to a
change in inboard wing planform shape is constant
with increasing Math nulnber and does riot agree
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with the experilnent. The levels of tile i)redictcd
increments in CD,o due to a change in inboard or
outboard wing planform shape do not agree with the
experiment. However, the change in CD,o with any
change in planform shape was small, as was found
experimentally.
Colnparisons of the drag-(tue-to-lift data pre-
sented on the right in figure 56(b) show that ttu,'
SDAS code closely approxiinates the effects of out-
hoard wing planform shaI)e across the Mach nun>
ber range. However, the theory inconsistently pre-
dicts the effect of inboard wing t)lalfform shape on
the drag-due-to-lift characteristics across tile Maeh
number range. The theory predicts that the swept-
inboard configurations have lower drag-due-to-lift
values than their corresponding unswept-int)oard
configurations across the Math munt)er range. How-
ever, the experimental data show that the swept-
inboard configurations have h)wer drag-due-to-lift
values than their corresponding unswet)t-inl)oar(l
configurations at Mach rlurnl-)ers less than about 2.00.
Side Bodies-Off Study
As t)reviously discussed, the flow field between
the side bodies results in near-field interference that
influences the aerodynamics of the multibody config-
urations. This section examines the effect of remov-
ing the side bodies from the unswept-inboard con-
figurations. (See figs. 3 and 6.) Flow-visualization
and surface-pressure data were ot)tained on the
unswet)t/delta wing-alone and the unswei)t/small-
trapezoidal wing-alone configurations.
Experimental evaluation flow-visualiza-
tion data. Figure 57 is a summary sketch of the
flow-tield pattern on tim unswet)t/small-trat)ezoidal
wing-ahmc configuration. This sketch is based on
the data in figures 58 to 61. Figure 58 shows oil-
flow photographs obtained for" the unswept/small-
trapezoidal wing-alone configuration at M = 1.80
and 2.16 and (_ = 0°, 4 °, and 8° . The flow over the
inboard wing is uniform at the lower angles of at-
tack ((_ = 0° and 4°). At (_ = 8 ° and M = 1.80,
(:ross flow begins to form on the forwar(t I)ortion of
the inboard wing. This cross flow is attributed to the
t)ow shock from the balance housing, which strength-
ens as angle of attack increases and spills over ont.()
tire inboard wing. The protrusion of the balance-
housing shock at the leading edge of the inboard
wing is shown in the schlieren photographs in fig-
ure 28 for the unswept/small-trapezoi(tal nmltibody
configuration. These schlieren I)hotograt)hs also show
that the angle of attack at which the bow shock de-
taches increases with increasing Mach mnnber. This
observationexplainswhy the crossflowon the in-
boardwingat c_ = 8 ° is less prevalent at M = 2.16.
Vapor-screen photographs showing the develop-
ment of tile flow field over the unswept/sinall-
trapezoidal wing-alone configuration with angle of
attack are presented in figures 59 and 60. Fig-
ure 59 presents the vapor-screen photographs at
the most-forward pressure orifice station on the
unswept/small-trapezoidal wing-alone configuration
for (_ = 4°, 8 °, 12 °, and 16 ° at = 1.60, 1.80, 2.00,
and 2.16. The corresponding photogral)hs at the
most-aft pressure orifice station are presented in fig-
ure 60. These photographs show a symmetrical pair
of shocks forming over the inboard wing at c_ > 8°.
The shocks intersect at some point downstream of
the leading edge. The development of this shock sys-
t.em in the chordwise direction of the inboard wing
is illustrated in the vapor-screen photographs in fig-
ure 61 for a: = 16° arm M = 1.80 and 2.16. This
shock system is probably the result of shocks em-
anating from the junction of the inboard wing and
the tab of tire outboard wing. (See fig. 6(f).) The
outboard portion of this shock system is evident in
the oil-flow pattern (fig. 58) on the outboard wing
for (_ < 8°. The inboard portion of the shock sys-
tem from the inboard wing and tab junction does
not form over tile inboard wing at the low angles
of attack because of the expansion occurring at the
leading edge of the inboard wing. However, at c_ > 8°
conditions the shock from the inboard wing and tab
junction strengthens enough to form over the inboard
wing.
The oil-flow photographs in figure 58 and the
vapor-screen photographs in figure 59 also show that
the flow over the outboard wing of the unswept/small-
trapezoidal wing-alone configuration is attached
at the leading edge, as for the unswept/sumll-
trapezoidal nmltibody configuration (figs. 27 and 29).
Tile oil-flow data in figure 58 show two shocks oc-
curring over the outboard wing. The first shock
emanates from the junction of the inboar(t wing
and tab, as discussed in the previous paragrat)h,
and the second emanates from the junction of the
outboard tat) and wing. The vapor-screen photo-
graphs in figures 59 to 61 do not show shock-induced
separation occurring on the outboard wing of tire
unswept/sinall-trapezoidal wing-alone configuration,
as for the unswept/small-trapezoidal multibody con-
figuration. (See figs. 29 t.o 31.) However, the vapor-
screen photographs do show a vortex just inboard of
the two shock systems. This vortex does not appear
to be shock induced becmme it appears at low angles
of attack and at the most-forward longitudinal sta-
tion. The vortex is probably shed from the junction
of the tab and outboard wing. Figure 61 shows the
growth of these shocks and the vortex in the chord-
wise direction on the outboard wing for a = 16 ° and
M = 1.81) and 2.16.
Tire oil-flow data in figure 58 show (:ross flow
occurring at the tip of the outboard wing of the
unswept/small-trapezoidal wing-alone configuration
at. (, = 0 ° and 4°. These observations correspond
to those in figure 61, which show a shock emanating
from the tip of the outboard wing. This flow feature
was also evident on the snmll-trapezoidal outboard
nmltibody configurations.
Figure 62 shows the flow-fieht pattern on the
unswept/delta wing-alone configuration. This sketch
is based on the data in figures 63 to 65. The oil-flow
photographs and vapor-screen photograt)hs (figs. 63
to 65) show tile same type of flow pattern over
the inboard wing as the one for the unswept/snmll-
trapezoidal wing-alone configuration (figs. 58 to 61).
As with the side bodies on, the outboard planform
shat)e does not appear to significantly influence the
flow pattern over the inboard wing.
The oil-flow photographs in figure 63 and the
vapor-screen photographs in figures 64 and 65 also
show that the primary flow structure over the
outboar(t wing of the unswept/delta wing-ahme
configuration is a leading-edge vortex. For the
unswept/delta wing-alone configuration, for a given
Mach number, the vortex on the outboard wing be-
comes large.r with an increase in angle of attack and
the (:()re of the vortex eventually lifts off the sur-
face of the wing. For a given angle of attack, the
leading-edge vortex becomes elongated as Mach nun>
t)er increases. These trends were also observed with
the unswet)t/delta nmltibody configuration. (See
figs.aa, 35, and 36.) Thus, the presence of the side
bodies does not significantly impact the fornmtion of
the leading-edge vortex over the delta outboar(t wing
panel.
Experimental evaluation--surface pressure
coefficient data. Figure 66 shows the effect, of
angle of attack on the spanwise surface pressure
coefficient distributions on the outboard wing for
the unswept/delta wing-alone configuration at kI =
1.60, 1.80, 2.00, and 2.16. The surface-pressure data
at a: = 0.4c, 0.6c, and 0.8c at 10 different angles
of attack are presented. For each Mach number,
the surface pressure coefficient distributions illustrate
the development of a leading-edge vortex as angle
of attack increases, as shown in the vapor-screen
photographs in figure 64. The abrupt, change in










doesnot formlmtil ahigherangleofattack(_ > 4°)
than it forinedat /ll = 1.60 (ct < 4°). These obser-
vations correspond to the observations made for the
vapor-screen photographs in figure 64.
These observations correspond to those made for
the unswept/delta multibody configuration (fig. 50).
Figure 68 shows the effect of the side bodies on
the surface pressure coefficient distribution over the
outboard wing of the unswept/delta wing plan-
form. The surface pressure coefficient distributions
with and without the side bodies attached on the
unswept/delta wing planform are presented at. a
4°, 8 ° , 12°. and 16° for each Math number and at
the :r* = 0.4c, 0.6c, and 0.8c stations. Overall, tile
surface pressure coefficient distributions between the
two configurations agree. Tile largest differences in
the distributions for the bodies-on and the bodies-off
configurations occur at. the z _ = 0.4c station. Farther
downstream, the surface pressure coefficient distribu-
tions of the bodies-on and bodies-off configurations
are more equivalent, Also at (_ _> 8° the edge of
the primary vortex for the bodies-off configuration
is farther inboard than it is for tile bodies-on con-
figuration. One explanation for these observations is
that the side bodies act. as a fence impeding inboard
vortex growth with increasing angle of attack and
increasing S.
Other explanations for tile discrepancies between
the distributions of the bodies-on and bodies-off con-
figurations relate to the local flow conditions at the
leading edge of the outboard wing. The side body
can be expected to generate an upwash over the out-
board wing; this upwash increases the local flow inci-
dence angle. An increase in flow incidence angle in-
creases the strength of the leading-edge vortex. The
shock from the nose of the side body lowers the lo-
cal Math nmnber from the free-stream conditions. A
lower Mach number strengthens the vortex. The in-
fluence of these two parameters does not appear to be
significant because the surface pressure coefficients
between the bodies-on and bodies-off configurations
were found to t)e equivalent near the leading edge.
Figure 69 shows the effect of angle of attack
on the spanwise surface pressure coefficient distribu-
tions over the outboard wing of the unswept/small-
trapezoidal wing-alone configuration at M = 1.60,
1.80, 2.00, and 2.16. These distributions show at-
tached flow at the leading edge with a nearly con-
stant surface pressure coefficient across the span.
These observations correspond with the vapor-screen
photographs in figures 59 to 61. For a > 4 ° , two
inflections in the surface pressure coefficient distri-
bution occur and travel across the span with increas-
ing longitudinal station. The inboard inflection evi-
dent at x r = 0.2c corresponds to the shock emanating
at the junction of the tab and outboard wing. The
second inflection corresponds to the shock from the
junction of tile inboard wing and tab. The tab and
inboard-wing junction shock does not have as obvious
an influence on the surface pressure coefficient distri-
bution and thus must be weaker. The shock angles
for M = 1.80 and 2.16 were obtained from figure 58
and are shown in figures 69(b) and 69(d).
Figure 70 shows the effect of Math number on the
surface pressure coefficient distribution over the out-
board wing for the unswept/small-trapezoidal wing-
alone configuration at a = 4 °, 8 °, 12 °, and 16 °. The
data show that as Math number increases the surface
pressure coefficient over the top of the wing increases
(becomes more positive) but the trend with angle
of attack remains the same. The data in figure 70
(especially in fig. 70(c)) show that the inflection in
the distribution moves inboard with increasing Mach
number. This effect corresponds to the shock angle
decreasing with increasing Mach number. The data
in figure 70 also show that the inflection in the sur-
face pressure coefficient distribution moves slightly
inboard with increasing angle of attack. This effect
is due to the rotation and distortion of the shock cone
with increasing angle of attack.
The previous observations correspond to those
made for the unswept/small-trapezoidal nmltibody
configuration (figs. 66 and 67). Figure 71 shows the
effect of the side body on the surface pressure co-
efficient distribution over the outboard wing of the
unswept/small-trapezoidal wing planform. The sur-
face pressure coefficient distributions for both the
bodies-on and the bodies-off configuration at the
x _ = 0.2c, 0.4c, 0.6c, and 0.8c stations on the small-
trapezoidal outboard wing are presented at a _ 4 °,
8 °, 12°, and 16 ° for each Mach number. The data
in figure 71 show two inflections in the distribution
of the bodies-off configuration, whereas the bodies-
on configuration has only one inflection in the sur-
face pressure distribution. The shocks over the out-
board wing are shown in figures 71(b) and 71(d). For
x _ = 0.4c, a deficit in the surface pressure distribu-
tion occurs when the inboard surface pressure coeffi-
cients for the bodies-off configuration are lower (i.e.,
more negative) than those for the bodies-on config-
uration. This deficit travels across the span of the
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wingwith increasinglongitudinalstationandcorre-
spondsto the locationof the shockof the tab and
outboardwing.Thisshockisapparentlystrongerfor







iesonbut notwith thebodiesoff. Thisobservation
correspondsto theexistenceofasecondshockonthe
outboardwingwith thebodicsoff. At x _ = 0.2c the
bodies-on configuration has lower (i.e., more nega-
tive) surface pressure coefficients than the bodies-off
configuration at _j _ 0.5. This deficit travels across
the span of the wing with increasing longitudinal sta-
tion and corresponds to the location of the shock on
the inboard wing and tab.
Concluding Remarks
An experimental and theoretical investigation oi1
the effect of the wing planform on the supersonic
aerodynamics of a low-fineness-ratio, nmltibody con-
figuration has been conducted in the Langley Unitary
Plan Wind ]Smnel at Mach numbers of 1.60, 1.80,
2.00, and 2.16. Three uncambered outboard wing
panels were tested on a low-fincness-ratio, twin-body
configuration. The inboard wing planforln variations
were an unswept leading edge and a swept leading
edge. The outboard wing planform variations were
a delta with a 65 ° leading-edge sweep, a trapezoidal
with a 20 ° leading-edge sweep, and a trapezoidal with
a 20 ° leading-edge sweep and with increased span and
area. The two inboard wing variations included an
unswept planform and a planform with a 65 ° leading-
edge sweep. Also examined was tile effect of side
body (on versus off) on the multibody configuration
with the unswept inboard wing. Longitudinal aero-
dynamic force and moment data, surface-pressure
data, and flow-visualization data were obtained for
the eight configurations examined.
The experimental data for the small-trapezoidal
and large-trapezoidal outboard configurations showed
that the ratio of outboard wing area to total wing
area influenced the lift-to-drag characteristics for the
multibody configuration. However, the improved
aerodynamic performance with the large-trapezoidal
outboard configuration was due to a reduced zero-
lift drag coefficient. The outboard wing to total wing
area ratio had little effect on the lift and drag-due-to-
lift characteristics. The large-trapezoidal outboard
configuration also had slightly better pitching mo-
ment at higher Mach numbers.
The experimental data for the unswet)t- and
swept-inboard configurations showed that adding
leading-edge sweep to tile inboard wing had little
effect on the lift and pitching-moment characteris-
tics. However, adding sweep to the inl)oard wing
slightly improved the zero-lift drag; this addition
resulted in a higher lift-to-drag ratio. The differ-
ence in zero-lift drag coefficient between unswept-
and swept-inboard configurations decreases as Mach
number increases. The comparison of drag-due-to-lift
characteristics was also dependent on Mach number,
with tile swept-inboard configurations having lower
drag due to lift than the unswept-inboard configura-
tions at Mach nunlbers less than 2.00. Tile flow-
visualization data showed that. the trends in drag
with changes in inboard wing t)lanform shat)e corre-
sponded to distinct changes in the shock-vortex sys-
tem occurring between the side bodies.
The surface-pressure and flow-visualization data
showed that the flow over the outt)oar(t wing dcvel-
ope(l as expected with changes in angle of attack and
Mach nulnber. Shock-induced separation occurred
at tile junction of the body and inboard wing. This
shock-induced separation, the sweep of the inboard
wing, and the location of the inboard wing in relation
to tile delta outboard wing reduced the upwash on
tile forward portion and effectively lowered the local
flow incidence angle. Tile swept inl)oard wing also
prevented the balance-housing bow shock from form-
ing over the inboard wing. This effect correst)onded
to an increase in the strength of the shock emanat-
ing from the junction of the body and outt)oard wing
of tile swept/small-trapezoidal nmltibody configura-
tion. The swept inboard wing also appeared to influ-
ence the position of the outboard side-body vortex.
The bodies-off study was conducted with the
unswept inboard wing panel and the delta and
small-trapezoidal outboard wing panels. The flow-
visualization data for the bodies-off configurations
showed more clearly tile existence of the bow shock
from the balance housing over the inl)oard wing.
As with the bodies on, the outboard wing planform
shape had a minimal influence on the flow pattern
of tile inboard wing. For the delta outl)oard wing,
tile body acts as a fence iinpeding inboard vortex
growth with increasing angle of attack and increas-
ing longitudinal distance. The small-trapezoidal out-
board wing data show the existence of a shock em-
anating from tile junction of the tab and outboard
wing whether the bodies are on or off. This shock
appears to be slightly stronger with the bodies off.
However, the bodies-on data show shock-induced sep-
aration occurring on the small-trapezoidal outboard








ity' of themethodsto consistentlypredictthe char-
acteristicsof thesemultibodyconfigurations.The
methodsdid predicttile correcttrendsin lift, drag-
due-to-lift, and zero-lift drag characteristicswith
changesin outboardwing sizeand Machnumber.
However,the methodsdid not consistentlypredict
the correcttrendsin drag-due-to-liftand zero-lift














Capturearea(total), in2 .................... 3.000







ALE , deg ........................... 0.000
ATE, deg ........................... 0.000
Aspect ratio ......................... 0.615
Span, in ........................... 8.000
Airfoil section .................. 4-percent biconvex
Swept inboard wing panel:
Area, in 2 .......................... 101.240
ALE, deg .......................... 60.000
ATE, deg ........................... 0.000
Aspect ratio ......................... 0.632
Span, in ........................... 8.000
Airfoil section .................. 4-percent biconvex
Delta outboard wing panel:
Area, in 2 .......................... 78.340
ALE, deg .......................... 65.000
ATE, deg ........................... 0.000
Aspect ratio ......................... 1.600
Semispan, in ......................... 5.596
Airfoil section .................. 4-percent biconvex
Unswept/delta wing total planform:
Area (reference), in 2 ..................... 182.340
Aspect ratio ......................... 2.020
_, in ............................ 11.158
_, in ............................ 10.341
Swept/delta wing total planform:
Area (reference), in 2 ..................... 179.580
Aspect ratio ......................... 2.050
_, in ............................ 11.115


















































































Table III. Pressure Orifice Locations for Delta Outboard Wing Panel
y' at--
Station 1 Station 2 Station 3
x' = 0.4c = 5.2 in. x' = 0.6c = 7.8 in. x' = 0.8c = 10.4 in.









































Station 1 Station 2 Station 3 Station 4
x t = 0.2c = 1.8 in. x I = 0.4c = 3.6 in. x I = 0.6c = 5.4 in. x I = 0.8c = 7.2 in.




































CL versus c_, Cm versus o
L/D at CL = 0.1, 0.2, and 0.3
CO, o and ACL/AC2D versus M
CL_ and dCm/dCL versus M
Comparison with theory:
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Sketch of flow field patterns
Oil-flow photographs
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CD,o and ACL/AC2D versus M
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(c) Large-trapezoidal outboard wing configurations
Plot
Drag Polar
CL versus a, Cm versus a
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Figure 1. Effect of fineness ratio on zero-lift drag reduction potential of multibody concept. (See ref. 10.)














(a) Longitudinal surface-pressure and flow-visualization data.
U nswept/large-trapezoidal Swept/large-trapezoidal
k _11" I






(c) Surface-pressure and flow-visualization data.
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(a) Three-view sketch of balance housing and two rectangular flow-through ducts.
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Figure 5. Multibody model with unswept inboard and delta outboard wings.
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(f) Unswept/delta wing-alone configuration.
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(a) Lift and pitching-moment characteristics.
Figure 7. Effect of outboard wing size on longitudinal aerodynamic characteristics of unswept/trapezoidal





















C L = 0.1 C L = 0.2 C L = 0.3
Figure 8. Effect of outboard wing size on aerodynamic performance of unswept/trapezoidal multibody
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(b) Drag characteristics.
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(a) Lift and pitching-moment characteristics.
Figure 10. Effect of outboard wing size on longitudinal aerodynamic characteristics of swept/trapezoidal





















CL= 0.1 CL= 0.2 CL= 0.3
Figure 11. Effect of outboard wing size oil aero(tynamic performance of swept/trapezoidal multibody
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(b) Drag characteristics.


























Figure 13. Predicted skin-friction-drag and measured zero-lift drag coefficients corrected for wing and body'
planfornl area for unswept/trapezoidal multibody configuration.
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Figure 14. Predicted skin-friction-drag and measured zero-lift drag coefficients corrected for wing and body
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(b) Drag characteristics.
Figure 16. Predicted and measured effects of outboard wing size and Mach number on longitudinal aerodynamic
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Figure 18. Variation of CD, O with ¢ for unswept/trapezoidal multibody configurations at AI = 1.80.
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(a) Lift and pitching-moment characteristics.
Figure 20. Effect of outboard wing planform shape on longitudinal aerodynamic characteristics of unswept-
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(a) Lift and pitching-molnent characteristics.
Figure 21. Effect of outboard wing planform shape on longitudinal aerodynamic characteristics of swept-
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(a) Lift and pitching-moment characteristics.
Figure 22. Effect of inboard wing planform shape on longitudinal aerodynamic characteristics of delta-outboard
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(a) Lift and pitching-moment characteristics.
Figure 23. Effect of inboard wing planform shape on longitudinal aerodynamic characteristics of small-
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C L = 0.1 C L = 0.2 C L = 0.3
Figure 24. Effect of inboard wing planform shape on aerodynamic performance of delta and small-trapezoidal
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(b) Drag characteristics.
Figure 25. Effect of inboard wing planform shape and Mach number on longitudinal aerodynamic characteristics
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x = 12.3 in.
(a) M = 1.60.
Figure 29. Vapor-screen photographs at _" = 12.3 in. for unswept/small-trapezoidal multibody configuration







x = 12.3 in.













x = 12.3 in.
(x = 16°





x = 12.3 in.












x = 17.7 in.
(a) M = 1.80.
Figure 30. Vapor-screen photographs at z = 17.7 in. for unswept/sma||-trapezoidal multibody configuration
for various angles of attack and Mach numbers.
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IX_--8 °
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x = 14.1 in.
x, in.
(a) M = 1.80.
Figure 31. Vapor-screen photographs for unswept/small-trapezoidal nmltibody configuration at four longitu-
dinal locations for c_ = 16° and M = 1.80 and 2.16.
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(b) M = 2.]6.
Figure 31. Continued.
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x = 18.9 in.
I :1
a-- 12 ° _
(a) _hi = 1.60.
Figure 35. Vapor-screen photographs at x = 18.9 in. for unswept/delta multibody configuration for various
angles of attack and Mach numbers.
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0{,=4 °
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(b) M = 1.80.
Figure 35. Continued.
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(d) m = 2.]6.
Figure 35. Continued.
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(a) ZII = 1.80.
Figure 36. Vapor-screen photographs for unswet)t/delta multibody configuration at thr(_c longitudinal lo(:ati(ms
for c_ = 16 ° and M = 1.80 and 2.16.
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BLACK AND WHiT_ Pr-_OIOGRAPH
_=8 °
(a) ._,I = 1.60.
Figure 40. Vapor-screen photographs at :r = 12.3 in. for swcpt/sinall-trapezoidal multibody configuration for
various angles of etttack and Math numbcrs.
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_LACK AND WHITE PHOTOGRAPH
Or.=4 °
_=8 °
x = 12.3 in.
(b) M = 1.80.
Figure 40. Continued.
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(c) M = 2.00.
Figure 40. Continued.
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BLACK AND W;-IiI2 PrtOIOGRAPH
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(d) M = 2.16.
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Or,= 4 °
(a) M = 1.80.
Figure 41. Vapor-screen photographs at .T = 17.7 ill. for swept/small-tral)ezoidal multibody configuration for
various angles of attack and Mach numbers.
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(a) M = 1.80.
Figure 42. Vapor-screen photographs for swcpt/small-trapezoidal nmltibody configuration at four longitudinal
locations for c_= 16° and M = 1.80 and 2.16.
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BLACK AND WHITE PHOTOGRAPN
Or,=4 °
x = 18.9 in.
(a,) M = 1.60.
Figure 46. Vapor-screen photographs at x = 18.9 in. for swept/delta multibody configuration for various angles
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(a) M = 1.80.
Figure 47. Vapor-screen photographs for swept/(lelta multil)o(ly configuration at three longitudinal locations
for c_ = 16° and M = 1.80 and 2.16.
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(b) M = 2.]6.
Figure 47. Continued.
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(a) Flow classification chart.




_) o,,, A_ ._,
Figure 48.
Separation bubble No separation
_ _ /x/
(b) Sketches of flow classifications.
Flow classification chart with locations of wings swept 65 ° and 20 ° at angles of attack.
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(a) M = 1.80.
(b) hi : 2.16.
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Figure 50. Effect of angle of attack on su P ...... M - t ou, _.o_,, _,._0,
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(d) _M = 2.16.
Figure 50. Concluded,
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Figure 51. Effect of Mach number on surface pressure coefficient distributions over delta outboard wing of
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(a) M = 1.60.
Figure 52. Effect of inboard wing planform shape on surface pressure coefficient distributions over delta
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(c) M = 2.00.
Figure 52. Continued.
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(d) M = 2.16.
Figure 52. Concluded.
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(a) M = 1.60.
Figure 53. Effect of angle of attack on surface pressure coefficient distributions over small-trapezoidal outboard
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(a) A! = 1.60.
Figure 55. Effect of inboard wing planform shape on surface pressure coefficient distributions over small-
trapezoidal outboard wing of unswept/small-trapezoidal configuration at x _ = 0.2c, 0.4c, 0.6c, and 0.8c for
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Figure 56. Predicted and measured effects of inboard planform shape and Mach number on longitudinal


































































BLACK AND WHi [_ t_r.;,, ;'-_GRAPH
(z=8 °
a= 16 °
x" = 3.80 in.
(a) M = 1.60.
Figure 59. Vapor-screen photographs at :z:' = 3.80 in. for unswept/small-trapezoidal wing-alone configuration
for various angles of attack and Mach numbers.
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0_=4 °
___-8 °
x" = 3.80 in.
(b) M = 1.80.
Figure 59. Continued.
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(c) AI = 2.00.
Figure 59. Continued.
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x" = 9.20 in.
(a) M = 1.60.
Figure 60. Vapor-screen photographs at ff = 9.20 in. for unswept/small-trapezoidal wing-alone configuration
for various angles of attack and Mach numbers.
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Figure 60. Continued.
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(c) :tl = 2.00.
Figure 60. Continued.
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(a) M = 1.80.
Figure 61. Vapor-screen photographs for unswept/small-trapezoidal wing-alone configuration at four longitu-
dinal locations for a = 16° and M = 1.80 and 2.16.
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Or,= 4 °
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I
(a) ._,I = 1.60.
Figure 64. Vapor-screen photographs at z' = 10.4 in. for unswept/delta wing-alone configuration for various
angles of attack and Mach numbers.
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(a) M = 1.80.
Figure 65. Vapor-screen photographs for unswept/delta wing-alone configuration at three longitudinal locations
for oc -- 16° and M = 1.80 and 2.16.
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Figure 66. Effect of angle of attack on surface pressure eoei_cient distributions over delta outboard wing of
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(c) M = 2.00.
Figure 66. Continued.
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(a) x' = 0.4c.
Figure 67. Effect of Mach number on surface pressure coefficient distributions over delta outboard wing of
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Figure 68. Effect of side body on surface pressure coefficient, distributions over delta outboard wing at act = 0.4c,
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Figure 68. Continued.
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(d) M = 2.16.
Figure 68. Concluded.
F I "
















































0 _ 0 _ 0......._.0 _ 0 / 0 / 0
/o
o _o_ /o




0_0 / /O_o __0...
o Q._.__._- rJ




I I I I I I I I I I











I I I I I I I I I I
.I .2 .3 .4 .5 .6 .7 .8 .9 1.0
71
(a) M = 1.60.
Figure 69. Effect of angle of attack on surface pressure coefficient distributions over small-trapezoidal outboard
wing of unswept/small-trapezoidal wing-alone configuration at z _ = 0.2c, 0.4c, 0.6c, and 0.8c for M = 1.60,
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Figure 70. Effect of Mach number on surface pressure coefficient distributions over small-trapezoidal outboard
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(a) M = 1.60.
Figure 71. Effect of side body on surface pressure coefficient distributions over small-trapezoidal outboard wing
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Figure 71. Concluded.
x' = 0.8c
I I - _= _=_-:'_I
I I 1 I I 1 I I I I






Experimental internal flow data were obtained
for each of the multibody configurations at all test
conditions. These measurements provided local flow
conditions to calculate the skin-friction drag of the
internal ducts. The two flow-through ducts were
located on the lower surface of the inboard wing and
bracketed the balance housing. (See fig. A1.) To
maintain supersonic flow within the duct system, the
two flow-through ducts were designed with a linear
area growth of 1.13 to account for boundary-layer
growth. Figure A1 shows cross-sectional views of the
balance-housing and duct system.
The duct Mach number was obtained by measur-
ing the total pressure and the static pressure at about
the center of the duct exit plane. The pressures were
measured by a pressure transducer mounted exter-
nally to the wind tunnel test section and connected
by pressure tubing to a pressure probe located at the
center of the duct exit plane.
The duct Mach number k.I D was computed for
each configuration at all test conditions under the as-
sumption that M D did not vary down the length of
the duct. Figure A2 shows the variation of duct Mach
number with angle of attack and free-stream Mach
number for the unswept-inboard configurations. This
figure shows that the Mach number at the exit plane
of the duct is a function of free-stream Mach number
and angle of attack. The outboard wing planform
shape does not. significantly impact M D. This ob-
servation can be explained by examining the shock
structure as represented in the schlieren photographs
in figure A3. This figure shows the effect of outboard
wing planform shape and free-stream Mach number
at c_ = 0° on the shock structure at a sideslip angle
of 0°. Figure A3 also shows that the shock struc-
ture between the side bodies did not significantly
vary with a change in outboard wing planform shape.
This trend is not affected by angle of attack, as shown
in the schlieren photographs at c_ = 4° and 8 °, not
presented in this appendix.
The data in figure A2 show that the largest in-
crement in M D with a change in outboard wing
planform is 0.04. This increment corresponds to a
change in the internal duct skin-friction-drag coef-
ficient of 0.003 (based on the reference area of the
unswept/delta multibody configuration). To make
the data reduction more manageable, a curve fit was
performed for each set of data. The interpolated val-
ues were used to obtain the skin-friction-drag correc-
tions to be applied to the unswept inboard configu-
rations. Figure A2 also shows the set of interpolated
data points for each test Math number.
Figure A4 shows the variation of MD with an-
gle of attack and free-stream Mach number for the
swept-inboard configurations. The general curve
shapes are similar between the swept- and unswept-
inboard configurations. As for the unswept-inboard
configurations, the outboard planform shape does
not significantly affect MD. This observation can
be explained by noting that the shock structure be-
tween the side bodies does not significantly vary
with a change in outboard planform shape. (See the
schlieren photographs in fig. A5.)
However, the variation in M D with outboard
planform is noticeably greater than that on the
unswept-inboard configurations. Figure A4 shows
that the largest increment in _I D with a change
in outboard wing planform is 0.13. This increnmnt
corresponds to a change in the internal duct skin-
friction-drag coefficient of 0.007 (based on the refer-
ence area of the unswept/delta nmltibody configura-
tion). To make the data reduction more manageable,
a curve fit was carried out for each set. of data. The
interpolated values were used to obtain the skin-
friction-drag corrections that were applied to the
swept inboard configurations. Figure A4 also shows
the set of interpolated data points for each test Math
number.
Figure A6 shows the interpolated values of M D
for the unswept and swept inboard wings. The swept
inboard wing consistently has a higher value of ki D
than the unswept inboard wing. This observation
corresponds to a change in the flow structure ahead
of the duct system. The change in shock structure
due to a change in the inboard-planform shape is ev-
ident in a comparison of the schlieren photographs
in figures A3 and A5. A side view of the shock sys-
tem is provided in figure A7, which shows schlieren
photographs of the unswept/delta and swept/delta
configurations at _ = 0° and 16 ° for M = 1.80
and 2.16.
Figure A6 shows that M D is below the free-
stream Mach number at c_ = 0° because of the
presence of the nose shocks ahead of the duct in-
let. Figure A6 also shows that 5I D decreases with
increasing angle of attack. This decreasing trend of
M D with increasing angle of attack is caused partly
by a shock occurring at the duct entrance. This
shock becomes stronger as angle of attack increases.
For the unswept-inboard configuration, M D levels
off to a value of 1.05 at high angles of attack. As
noted in reference 11, one possible explanation for
207
thisobservationis the interferenceof thebowshock
from ttle balancehousingoil the ductsystem.Fig-
ureA7 showsthat tile shocksystemin front of tile
duct inlet significantlychangeswith a changein in-
boardwingplanformshape.Thus,the interference
of the bowshockfrom the balancehousingon the
ductsystemis different;this differencepossiblyex-
plainswhytheswept-inboardconfigurationdatado
not showa levellingoff of M D with angle of attack.
The internal duct drag was calculated with the
skin-friction code in reference 14. This code used the
T_-method in which fiat-plate, adiabatic-wall, and
turbulent boundary-layer conditions are assumed.
Input into the code were the duct length and the
experimentally measured Mach number, the duct
length, and temperature and Reynolds number. The
duct geometry input was represented as a fiat plate.
The internal duct drag was calculated for each
configuration at all test conditions. Figure A8 shows
the variation of internal duct skin-friction-drag coef-
ficient with Mach number and angle of attack for the
unswept inboard wing. Figure A9 shows the vari-
ation of internal duct skin-friction-drag coefficient
with Mach number and angle of attack for the swept
inboard wing.
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(a) M = 1.60.
Figure A2. Effect of outboard wing planform shape on duct exit-plane Mach number for unswept-inboard
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Figure A2. Concluded.
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(a) M = 1.60.
Figure A4. Effect of outboard planform shape on duct exit-plane Mach number for swept inboard configurations
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Figure A4. Concluded.
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Figure A6. Concluded.
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Figure A8. Effect of free-stream Mach number and angle of attack on internal duct skin-friction-drag coefficient
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Figure A9. Effect of free-stream Mach number and _, deg
for Swept-inboard multibody configuration, angle of attack on internal duct skin-friction_drag coefficient
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Appendix B
Force and Moment Data
The tabulated force and moment data were reduced with respect to the wing mean chord plane. Table BI
gives the colunm headings that appear on the tabulated data and identifies their corresponding symbols.
Table BII is an index to the tabulated data presented in table BIII. All force and moment data were taken at
sideslip angle/_ = 0°. A sweep in angle of attack a was performed for each case shown in table BIII.
Table BI. Tabulated Data Symbols
Tabulated data heading Definition
Both axes:





BETA ........................... 3, deg
CA ............................. C A
CAB ............................ CA, b
CAC ............................ CA, c






CDD ............................ CD, d
CD UNC ......................... CO,un c
CL ............................. CL
L/D ............................. L/D
Q ............................ q, lb/ft 2
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TableBII. Indexto TabulatedForceandMomentData














































































Table BIII. Tabulated Force and Moment Data
(a) FWII1
UPWT TEST = 1586 RUN = 1 MACH = 1.60 CONFIGURATION = FWII 1















ALPHA CN CA CM CY CAC CAB CA UNC
-3.84 -0.1445 0.0176 -0.0034 -0.0008 0 0021 0.0006 0.0286
-1.93 -0.0587 0.0188 0.0040 -0.0004 0
-0.89 -0.0119 0.0193 0.0084 -0.0003 0
0.i0 0.0289 0.0196 0.0123 0 0000 0
1.18 0.0780 0.0199 0.0165 0
2.14 0.1204 0.0199 0.0200 0
4.14 0.2083 0.0205 0.0266 0
6.21 0.3001 0.0207 0.0324 0
8.15 0.3824 0.0210 0.0370 0
12.15 0.5491 0.0216 0.0456 0
16.21 0.7147 0.0224 0.0540 0
20.19 0.8758 0.0241 0.0619 0






















STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC










455.21 3.0383 16.21 0.6710 0.2209 0
455.21 2.4774 20.19 0.8040 0.3245 0
455.21 1.3191 0.I0 0.0258 0.0196 0
66 -3.0645 -1.93 -0.0636 0.0207 0.0040 -0.0004 0.0024 0.0059 0.0316
99 -0.8951 -0.89 -0.0174 0.0194 0.0084 -0.0003 0.0024 0.0059 0.0302
39 1.1625 0.10 0.0229 0.0197 0.0123 0.0000 0.0024 0.0059 0.0304
95 3.3281 1.18 0.0714 0.0214 0.0165 0.0002 0.0025 0.0059 0.0322
21 4.6400 2.14 0.1132 0.0244 0.0200 0.0003 0.0025 0.0059 0.0350
21 5.6301 4.14 0.1995 0.0354 0 0266 0.0005 0.0025 0.0059 0.0459
21 5.4505 6.21 0.2890 0.0530 0 0324 0.0010 0.0025 0.0059 0.0634
21 4.9114 8.15 0.3681 0.0750 0 0370 0.0015 0.0025 0.0059 0.0851
21 3.8363 12.15 0.5240 0.1366 0 0456 0.0021 0.0025 0.0059 0.1464
0540 0.0029 0.0024 0.0059 0.2308
0619 0.0040 0.0024 0.0059 0.3343




UPWT TEST = 1586 RUN = 4 MACH = 1.80 CONFIGURATION = FWIII















ALPHA CN CA C_4 CY CAC CAB CA UNC
-3.95 -0.1321 0.0169 -0.0034 -0.0003 0.0018 0.0005 0 0267
-1.97 -0.0514 0.0181 0.0025 0.0000 0.0017 0.0005 0 0279
-0.88 -0.0049 0.0187 0.0062 0.0002 0.0016 0.0005 0 0284








20.11 0.7984 0.0253 0
0.08 0.0338 0.0192 0








0160 0.0006 0.0015 0.0004 0 0292
0224 0.0007 0.0014 0.0004 0.0296
0284 0.0009 0.0013 0.0004 0.0300
0350 0.0012 0.0013 0.0003 0.0305
0464 0.0019 0.0011 0.0003 0.0314
0556 0.0029 0.0012 0.0003 0.0327
0639 0.0037 0.0012 0.0003 0.0346
0097 0.0006 0.0016 0.0004 0.0288
STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC
455.75 -5.2180 -3 95 -0.1353 0.0259 -0.0034 -0.0003 0 0023 0.0053 0.0358
455.75 -2.8019 -I 97 -0.0557 0.0199 0.0025 0 0000 0
455.75 -0.5174 -0 88 -0.0097 0.0188 0.0062 0 0002 0
455.75 1.5026 0 13 0.0289 0.0192 0.0095 0 0006 0
455.75 3.2775 1 14 0.0686 0.0209 0.0128 0 0005 0
455.75 4.5285 2 ii 0.1082 0.0239 0.0160 0 0006 0
455.75 5.4964 4 13 0.1880 0.0342 0.0224 0 0007 0
455.75 5.3123 6 08 0.2612 0.0492 0.0284 0.0009 0
455.75 4.7912 8 13 0.3374 0.0704 0.0350 0.0012 0.0025 0.0053 0.0797
455.75 3.7650 12.13 0.4773 0.1268 0.0464 0.0019 0.0025 0.0053 0.1359
455.75 3.0028 16.14 0.6084 0.2026 0.0556 0.0029 0.0024 0.0053 0.2118
455.71 2.4571 20.11 0.7322 0.2980 0.0639 0.0037 0.0024 0.0053 0.3071











UPWT TEST = 1586 RUN = 5 MACH = 2.00 CONFIGURATION = FWII 1















ALPHA CN CA CM CY CAC CAB CA UNC
-3.71 -0.1115 0.0157 -0.0014 -0.0002 0 0015 0.0004 0.0252
-1.71 -0.0367 0.0169 0.0033 0.0002 0
-0.75 -0.0005 0.0174 0.0056 0.0003 0
0.32 0.0409 0.0179 0.0086 0.0005 0
1.33 0.0797 0.0185 0.0114 0.0005 0
2.31 0.1156 0.0187 0.0141 0.0008 0
4.29 0.1877 0.0194 0.0191 0.0010 0
6.32 0.2615 0.0201 0.0248 0.0013 0
8.32 0.3322 0.0208 0.0311 0.0016 0
12.27 0.4712 0.0223 0.0450 0.0020 0
16.34 0.6145 0.0240 0.0567 0.0026 0
20.30 0.7516 0.0257 0.0648 0.0026 0













STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC








448.68 4.6490 8.32 0.3189 0.0686 0.0311 0
448.68 3.6789 12.27 0.4481 0.1218 0.0450 0
448.68 2.9364 16.34 0.5746 0.1957 0.0567 0
448.68 2.4154 20.30 0.6870 0.2844 0.0648 0
448.68 1.9757 0.30 0.0360 0.0182 0.0087 0
2926 -1.71 -0.0413 0.0180 0.0033 0.0002 0.0023 0.0054 0.0275
3146 -0.75 -0.0055 0.0174 0.0056 0.0003 0.0023 0.0054 0.0270
9449 0.32 0.0353 0.0182 0.0086 0.0005 0.0023 0.0054 0.0276
6245 1.33 0.0737 0.0203 0.0114 0.0005 0.0023 0.0054 0.0297
6638 2.31 0.1090 0.0234 0.0141 0.0008 0.0023 0.0054 0.0327
3784 4.29 0.1796 0.0334 0.0191 0 0010 0.0023 0.0054 0.0426
1585 6.32 0.2512 0.0487 0.0248 0 0013 0.0024 0.0054 0.0579
0016 0.0024 0.0054 0.0776
0020 0.0024 0.0054 0.1309
0026 0.0024 0.0054 0.2048
0026 0.0024 0.0054 0.2936







































= 1586 RUN = 8 MACH = 2.16 CONFIGURATION = FWII 1

















































































DRAG FORCE CORRECTED FOR BASE, CHAMBER, INTERNAL



















-0.1209 0.0235 -0.0022 -0
-0.0512 0.0181 0.0026 0
-0.0148 0.0172 0.0053 0
0.0228 0.0176 0.0082 0
0.0580 0.0193 0.0107 0
0.0936 0.0221 0.0133 0
0.1274 0.0260 0.0156 0
0.1601 0.0309 0.0178 0
0.1952 0.0373 0.0206 0
0.2275 0.0447 0.0233 0
0.2931 0.0631 0.0289 0
0.4186 0.1129 0.0417 0
0.5424 0.1825 0.0550 0
0.6525 0.2671 0.0652 0




















































































UPWT TEST = 1586 RUN = 17 MACH = 1.60 CONFIGURATION = FW3I 1
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURE
R/FT BETA ALPHA CN CA
2.00 0.00 -3.77 -0.1713 0.0192
2.00 0.00 -1.85 -0.0689 0.0198
2.00 0.00 -0.91 -0.0216 0.0201
1.99 0.00 0.21 0.0396 0.0205
2.00 0.00 1.25 0.0942 0.0210
2.00 0.00 2.21 0.1473 0.0216
2.00 0.00 4.23 0.2495 0.0230
2.00-0.01 8.16 0.4472 0.0250
2.01-0.01 12.19 0.6404 0.0261
2.01-0.02 16.16 0.8298 0.0270
2.00-0.02 18.14 0.9237 0.0275



























STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL









































CL CD CM CY CDD
-0.1747 0.0305 -0.0066 -0.0004 0.0022
-0.0735 0.0220 0.0019 -0.0003 0.0023
-0.0268 0.0204 0.0058 0.0000 0.0023
0.0338 0.0206 0.0110 0.0003 0.0023
0.0879 0.0230 0.0157 0.0005 0.0023
0.1403 0.0273 0.0205 0.0003 0.0023
0.2407 0.0413 0.0300 0.0006 0.0023
0.4320 0.0882 0.0461 0.0014 0.0023
0.6126 0.1606 0.0574 0.0020 0.0023
0.7810 0.2567 0.0659 0.0031 0.0023
0.8604 0.3133 0.0698 0.0035 0.0023








































































1586 RUN = 20 MACH = 1.80 CONFIGURATION = FW3I 1





















































DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL















CL CD CM CY CDD
-0.1538 0.0288 -0.0055 -0.0003 0.0022
-0.0644 0.0212 0.0019 0.0001 0.0022
-0.0195 0.0197 0.0055 0.0001 0.0022
0.0218 0.0199 0.0089 0.0004 0.0022
0.0716 0.0217 0.0128 0.0006 0.0022
0.1127 0.0248 0.0161 0.0006 0.0023
0.2034 0.0365 0.0235 0.0010 0.0023
0.3815 0.0785 0.0396 0.0011 0.0023
0.5555 0.1472 0.0525 0.0017 0.0023
0.7109 0.2352 0.0606 0.0032 0.0023
0.8541 0.3449 0.0680 0.0044 0.0022











































UPWT TEST = 1586 RUN = 21 MACH = 2.00 CONFIGURATION = FW3I 1














ALPHA CN CA CM CY CAC CAB CA UNC
-3.78 -0.1289 0.0171 -0.0040 -0.0003 0.0013 0.0004 0.0259











0063 0.0184 0.0057 0.0004 0.0012 0.0004 0.0272
0332 0.0188 0.0089 0.0003 0.0012 0.0003 0.0276
0752 0.0192 0.0123 0.0006 0.0011 0.0003 0.0279
1151 0.0196 0.0156 0.0008 0.0011 0.0003 0.0283
1954 0.0204 0.0220 0.0008 0.0010 0.0003 0.0290
3570 0.0219 0.0341 0.0014 0.0009 0.0003 0.0304
5315 0.0241 0.0477 0.0020 0.0010 0.0003 0.0327
7031 0.0266 0.0590 0.0029 0.0011 0.0003 0.0354
8691 0.0283 0.0682 0.0036 0.0011 0.0003 0.0371
0351 0.0188 0.0093 0.0003 0.0012 0.0003 0.0276
STABILITY AXIS DRAG FORCE CORRECTED FOR BASE, CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC
448.64 -5.1714 -3.78 -0 1320 0.0255 -0.0040 -0.0003 0.0021 0 0051 0 0344
448.64 -2.5483 -1.68 -0
448.64 -0.5963 -0.73 -0
448.64 1.4769 0.25 0
448.64 3.3324 1.29 0
448.64 4.5030 2.29 0
448.64 5.3647 4.30 0
448.64 4.7108 8.27 0
448.64 3.7233 12.25 0
448.64 2.9720 16.24 0
448.53 2.4338 20.28 0
448.53 1.5716 0.26 0
0490 0.0192 0.0028 0.0003 0.0021 0
0110 0.0184 0.0057 0.0004 0.0022 0
0279 0.0189 0.0089 0.0003 0.0022 0
0695 0.0209 0.0123 0.0006 0.0022 0
1087 0.0241 0.0156 0.0008 0.0022 0
1875 0.0350 0.0220 0.0008 0.0022 0
3437 0.0729 0.0341 0.0014 0.0022 0
5071 0.1362 0.0477 0.0020 0.0023 0
6598 0.2220 0.0590 0.0029 0.0023 0
7970 0.3275 0.0682 0.0036 0.0022 0


























UPWT TEST = 1586 RUN = 24 MACH = 2.16 CONFIGURATION = FW3II














ALPHA CN CA CM CY CAC CAB CA UNC
-4.14 -0.1309 0.0166 -0.0054 -0.0004 0.0013 0.0003 0.0251
-2.14 -0.0562 0.0176 0.0010 0.0000 0.0012 0.0003 0.0260
-1.18 -0.0202 0.0181 0.0041 0.0001 0.0012 0.0003 0.0264















-0.15 0.0203 0.0185 0
0110 0.0003 0.0010 0.0003 0.0273
0141 0.0004 0.0010 0 0003 0.0277
0201 0.0007 0.0010 0 0003 0.0287
0323 0.0011 0.0008 0 0002 0.0301
0436 0.0017 0.0008 0 0002 0.0319
0563 0.0029 0.0009 0 0002 0.0343
0671 0.0037 0.0009 0 0002 0.0363
0085 0.0002 0.0011 0 0003 0.0268
STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC
438.74 -5.1295 -4.14 -0.1335 0.0260 -0.0054 -0.0004 0 0021 0.0048 0.0345
438.74 -3.0478 -2.14 -0.0600 0.0197 0.0010 0 0000 0
438.74 -1.3231 -1.18 -0.0244 0.0185 0.0041 0
438.74 0.7087 -0.13 0.0131 0.0185 0.0075 0
438.87 2.6131 0.88 0.0522 0.0200 0.0110 0
438.87 3.8260 1.84 0.0861 0.0225 0.0141 0
438.87 5.0411 3.81 0.1585 0.0314 0.0201 0
438.87 4.6917 7.83 0.3053 0.0651 0.0323 0
438.87 3.7696 11.82 0.4573 0.1213 0.0436 0
438.87 3.0172 15.84 0.6092 0.2019 0.0563 0
438.87 2.4690 19.88 0.7458 0.3021 0.0671 0

























UPWT TEST = 1586 RUN = 9 MACH = 1.60 CONFIGURATION = FW4I 1












ALPHA CN CA CM CY CAC CAB CA UNC










0179 0.0001 0.0001 0.0014 0.0004 0.0256
0182 0.0041 0.0001 0.0013 0.0004 0.0258
0186 0.0083 0.0002 0.0013 0.0004 0.0261
0191 0.0129 0.0003 0.0012 0.0003 0 0266
0196 0.0175 0.0006 0.0012 0.0003 0 0271
0207 0.0264 0.0010 0.0011 0.0003 0 0281
0218 0.0354 0.0014 0.0010 0.0003 0 0291
0226 0.0431 0.0018 0.0010 0.0003 0 0298
0186 0.0087 0.0003 0.0013 0.0004 0 0261
STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CN CY CDD CDBH CD UNC
454.95 -6.1234 -3.86 -0.1799 0.0294 -0.0080 0.0001 0.0016 0.0042 0.0371

















0.13 0.0274 0.0187 0.0083 0.0002 0.0017 0.0042 0.0262
1.16 0.0822 0.0208 0.0129 0.0003 0.0017 0.0042 0.0283
2.22 0.1367 0.0251 0.0175 0.0006 0.0017 0.0042 0.0325
4.17 0.2361 0.0384 0.0264 0.0010 0.0017 0.0042 0.0457
6.15 0.3353 0.0586 0.0354 0.0014 0.0018 0.0042 0.0659
8.17 0.4342 0.0860 0.0431 0.0018 0.0017 0.0042 0.0931




UPWT TEST = 1586 RUN = 12 MACH = 1.80 CONFIGURATION = FW411
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURE
R/FT BETA ALPHA CN
2.01 0.01 -3.98 -0.1557
2.01 0.00 -1.92 -0.0637
2.01 0.00 -0.99 -0.0227
2.00 0.00 0.02 0.0228
2.00 0.00 1.06 0.0708
2.00 0.00 2.07 0.1156
2.00 0.00 4.08 0.2055
2.00 0.00 6.06 0.2977
2.00 0.00 8.01 0.3860




0 0171 0 0002
0 0174 0 0031
0 0177 0 0063
0 0180 0 0098
0 0184 0 0130
0 0191 0 0195

























DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL













ALPHA CL CD CM
-3.98 -0.1574 0.0272 -0.0063
-1.92 -0.0665 0.0192 0.0002
-0.99 -0.0259 0.0178 0.0031
0.02 0.0191 0.0177 0.0063
1.06 0.0666 0.0193 0.0098
2.07 0.1109 0.0226 0.0130
4.08 0.1994 0.0337 0.0195
6.06 0.2895 0.0511 0.0265
8.01 0.3747 0.0741 0.0335








































































AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURE
ALPHA CN CA CM CY CAC CAB CA UNC
-3.72 -0.1260 0.0152 -0.0046 0 0000 0.0010 0.0003 0.0218
-1.77 -0.0489 0.0159 0.0007 0
-0.78 -0.0101 0.0162 0.0033 0
0.27 0.0316 0.0166 0.0062 0
1.28 0.0724 0.0170 0.0092 0
2.23 0.1103 0.0174 0.0120 0
4.30 0.1921 0.0180 0.0174 0
6.21 0.2689 0.0185 0.0225 0
8.29 0.3547 0.0191 0.0284 0
0.30 0.0346 0.0167 0.0065 0
0002 0.0010 0.0003 0.0225
0002 0.0010 0.0003 0.0228
0003 0.0009 0.0003 0.0232
0004 0.0009 0.0003 0.0235
0006 0.0009 0.0002 0.0239
0010 0.0008 0.0002 0.0244
0013 0.0008 0.0002 0.0249
0017 0.0007 0.0002 0.0255
0003 0.0009 0.0003 0.0232
STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC










71 -2.9846 -1.77 -0.0520 0.0174 0.0007 0.0002 0










0.27 0.0277 0 0168 0.0062 0.0003 0 0016 0.0038 0.0233
1.28 0.0681 0 0186 0 0092 0.0004 0 0016 0.0038 0.0251
2.23 0.1055 0 0216 0 0120 0.0006 0 0016 0.0038 0.0281
4.30 0.1859 0 0323 0 0174 0.0010 0.0016 0.0038 0.0388
6.21 0.2608 0 0475 0 0225 0.0013 0.0016 0.0038 0.0539
8.29 0.3434 0 0700 0 0284 0.0017 0.0017 0.0038 0.0764

















AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURE
ALPHA CN CA CM CY CAC CAB CA UNC
-4.16 -0.1309 0.0145 -0 0050 -0.0001 0.0010 0 0003 0.0208

















0000 0.0000 0.0009 0
0027 0.0001 0.0009 0
0054 0.0002 0.0009 0
0084 0.0003 0.0008 0
0109 0.0004 0.0008 0
0158 0.0006 0.0008 0
0212 0.0012 0.0007 0
0263 0.0016 0.0007 0










STABILITY AXIS DRAG FORCE CORRECTED FOR BASE, CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CO CM CY CDD CDBH CD UNC
438.77 -5.5405 -4.16 -0.1325 0.0239 -0.0050 -0.0001 0.0015 0.0035 0.0302
438.77 -3.4579 -2.16 -0.0605 0.0175 0.0000 0.0000 0.0016 0.0035 0.0238
438.77 -1.5275 -1.18 -0.0247 0.0162 0.0027 0.0001 0.0016 0.0035 0.0225
438.77 0.6622 -0.20 0 0107 0.0161 0.0054 0.0002 0.0016 0.0035 0.0223
438.77 2.9202 0.91 0 0512 0.0175 0.0084 0.0003 0.0016 0.0035 0.0237
438.77 4.2546 1.85 0 0846 0.0199 0.0109 0.0004 0.0016 0.0035 0.0260
438.77 5.4836 3.85 0 1573 0.0287 0.0158 0.0006 0.0016 0.0035 0.0348
438.77 5.4138 5.88 0.2314 0.0427 0.0212 0.0012 0.0016 0.0035 0.0488
438.77 4.9212 7.89 0 3051 0.0620 0.0263 0.0016 0.0016 0.0035 0.0680

































































































DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL






































































= 1586 RUN = 83 MACH = 1.80 CONFIGURATION = FWII2
AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURE
R/FT BETA ALPHA CN
2.00 0.00 -3.94 -0.1373
2.00 0.00 -1.89 -0.0518
2.00 0.00 -0.92 -0.0110
2.00 0.00 0.07 0.0283
2.00 0.00 1.06 0.0702
2.00 0.00 2.05 0.1083





2.00 0.00 0.10 0.0308
STABILITY AXIS
CA CM CY CAC
0.0169 -0.0038 -0.0004 0.0019
0.0176 0.0019 0.0000 0.0018
0.0180 0.0049 0.0001 0.0017
0.0183 0.0079 0.0003 0.0017
0.0186 0.0113 0.0003 0.0016
0.0186 0.0143 0.0006 0.0016
0.0187 0.0213 0.0007 0.0015
0.0188 0.0350 0.0010 0.0013
0.0192 0.0485 0.0016 0.0012
0.0195 0.0614 0.0022 0.0012
0.0202 0.0720 0.0019 0.0012














DRAG FORCE CORRECTED FOR BASE, CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY
455.71 -5.3488 -3.94 -0.1405 0.0263 -0.0038 -0.0004
455.71 -2.9088 -1.89 -0.0562 0.0193 0.0019 0.0000
455.71 -0.8724 -0.92 -0.0159 0.0182 0.0049 0.0001
455.71 1.2478 0.07 0.0229 0.0183 0.0079 0.0003
455.71 3.2319 1.06 0.0643 0.0199 0.0113 0.0003
455.71 4.5277 2.05 0.1018 0.0225 0.0143 0.0006
455.71 5.7029 4.06 0.1831 0.0321 0.0213 0.0007
455.71 4.9772 8.03 0.3318 0.0667 0.0350 0.0010
455.47 3.8739 12.05 0.4731 0.1221 0.0485 0.0016
455.47 3.0752 16.09 0.6101 0.1984 0.0614 0.0022
455.47 2.5162 20.01 0.7341 0.2918 0.0720 0.0019







































































AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURE
ALPHA CN CA CM CY CAC CAB CA UNC
-3.71 -0.1169 0.0160 -0 0022 -0.0002 0.0017 0.0005 0 0259
-1.76 -0.0431 0.0167 0
-0.73 -0.0040 0.0170 0
0.25 0.0326 0 0173 0
1.28 0.0737 0 0176 0
2.28 0.1111 0 0177 0
4.27 0.1857 0 0181 0
8.27 0.3304 0 0189 0
12.24 0.4707 0 0197 0
16.24 0.6115 0 0203 0
0024 0.0001 0.0016 0.0004 0
0049 0.0004 0.0015 0.0004 0
0072 0.0004 0.0014 0.0004 0
0098 0.0004 0.0014 0.0004 0
0124 0.0005 0.0013 0.0004 0
0184 0.0007 0.0012 0.0003 0
0317 0.0013 0.0011 0.0003 0
0460 0.0020 0.0010 0.0003 0
0602 0.0022 0.0010 0.0003 0
20.27 0.7536 0 0205 0.0728 0.0028 0.0014 0.0005 0











STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC
448.53 -5.1120 -3.71 -0.1205 0.0236 -0.0022 -0.0002 0.0022 0.0055 0.0334
448 53 -2.6552 -1.76 -0.0477 0.0180 0.0024 0.0001 0.0022 0.0055 0.0277
448 53 -0.5339 -0.73 -0.0091 0.0170 0.0049 0.0004 0.0023 0.0055 0.0267
448 53 1.5496 0.25 0.0270 0.0174 0.0072 0.0004 0.0023 0.0055 0.0271
448 53 3.5139 1.28 0.0676 0.0192 0 0098 0.0004 0.0023 0.0055 0.0288
448 53 4.7349 2.28 0.1044 0 0221 0
448 53 5.5813 4.27 0.1777 0 0318 0
448 53 4.7984 8.27 0.3173 0 0661 0
448.53 3.7668 12.24 0.4481 0 1190 0
448.53 3.0106 16.24 0.5731 0 1903 0
448.53 2.4676 20.27 0.6907 0 2799 0
448.53 1.6009 0.21 0.0280 0 0175 0
0124 0.0005 0.0023 0.0055 0.0315
0184 0.0007 0.0023 0.0055 0.0412
0317 0.0013 0.0024 0.0055 0.0753
0460 0.0020 0.0024 0.0055 0.1280
0602 0.0022 0.0024 0.0055 0.1995
0728 0.0028 0.0024 0.0055 0.2895




UPWT TEST = 1586 RUN = 88 MACH = 2.16 CONFIGURATION = FWII 2





















































(IN CY CAC CAB
-0.0034 -0.0004 0.0016 0.0004
0.0014 0.0000 0.0014 0.0004
0.0037 0.0001 0.0014 0.0004
0.0061 0.0001 0.0014 0.0004
0.0088 0.0003 0.0013 0.0004
0.0116 0.0003 0.0012 0.0003
0.0167 0.0006 0.0011 0.0003
0.0286 0.0010 0.0009 0.0003
0.0425 0.0012 0.0009 0.0003
0.0578 0.0019 0.0009 0.0003
0.0713 0.0029 0.0012 0.0004
0.0062 0.0001 0.0014 0.0004
STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL




























CD _ CY CDD
0.0246 -0.0034 -0.0004 0.0022
0.0185 0.0014 0.0000 0.0022
0.0172 0.0037 0.0001 0.0022
0.0172 0.0061 0.0001 0.0022
0.0184 0.0088 0.0003 0.0022
0.0211 0.0116 0.0003 0.0022
0.0296 0.0167 0.0006 0.0023
0.0617 0.0286 0.0010 0.0023
0.1113 0.0425 0.0012 0.0023
0.1786 0.0578 0.0019 0.0023
0.2621 0.0713 0.0029 0.0023











































UPWT TEST = 1586 RUN = 57 MACH = 1.60 CONFIGURATION = FW3I 2
BODY AXIS AXIAL FORCE CORRECTED FOR BASE AND
R/FT BETA ALPHA CN
2.00 0.00 -3.81 -0.1788
2.00 0.00 -1.82 -0.0757
2.00 0.00 -0.81 -0.0232
2.00 0.00 0.18 0.0300
2.00 0.00 1.13 0.0811
1.99 0.00 2.20 0.1380
1.99 0.00 4.13 0.2391
2.00 0.00 8.19 0.4515
2.00 0.00 12.19 0.6451
2.00 0.00 16.19 0.8372



















































DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
ALPHA CL CD CM CY CDD
-3.81 -0.1822 0.0305 -0.0064 -0.0002 0.0022
-1.82. -0.0804 0.0211 0.0014 0.0004 0.0023
-0.81 -0.0285 0.0192 0.0054 0.0003 0.0023
0.18 0.0243 0.0192 0.0094 0.0004 0.0023
1.13 0.0748 0.0209 0.0132 0.0006 0.0023
2.20 0.1311 0.0249 0.0176 0.0008 0.0023
4.13 0.2305 0.0373 0.0255 0.0011 0.0023
8.19 0.4366 0.0858 0.0437 0.0023 0.0023
12.19 0.6179 0.1583 0.0592 0.0034 0.0023
16.19 0.7890 0.2554 0.0720 0.0027 0.0023








































UPWT TEST = 1586 RUN = 61 MACH = 1.80 CONFIGURATION = FW3I 2














ALPHA CN CA CM CY CAC CAB CA UNC
-3.91 -0.1573 0.0183 -0.0059 -0.0002 0.0018 0 0005 0.0278
-1.85 -0.0652 0.0185 0.0011 0.0000 0.0017 0
-0.89 -0.0228 0.0186 0.0045 0.0004 0.0016 0









0667 0.0190 0.0111 0.0005 0.0016 0
1134 0.0192 0.0147 0.0009 0.0015 0
2049 0.0196 0.0221 0.0013 0.0014 0
3879 0.0204 0.0376 0.0021 0.0013 0
5793 0.0218 0.0545 0.0029 0.0012 0
7607 0.0237 0.0661 0.0048 0.0013 0
9384 0.0244 0.0762 0.0061 0.0014 0












STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD £1M CY CDD CDBH CI) UNC
455.55 -5.5309 -3.91 -0 1601 0.0289 -0.0059 -0.0002 0.0021 0.0051 0.0385
455.55 -3.3744 -1.85 -0
455.55 -1.4459 -0.89 -0
455.55 0.8601 0.09 0
455.55 3.0152 1.09 0
455.55 4.5979 2.09 0
455.55 5.7582 4.13 0
455.55 5.0261 8.07 0
455.55 3.8802 12.13 0
455.55 3.0614 16.14 0
455.55 2.5004 20.14 0
455.55 1.0116 0.12 0
0694 0.0205 0.0011 0.0000 0.0022 0.0051 0.0300
0274 0.0189 0.0045 0.0004 0.0022 0.0051 0.0283
0161 0.0188 0.0078 0.0005 0.0022 0.0051 0.0281
0611 0.0203 0.0111 0.0005 0.0022 0.0051 0.0295
1072 0.0233 0.0147 0.0009 0.0022 0.0051 0.0325
1972 0.0342 0.0221 0.0013 0.0023 0.0051 0.0434
3748 0.0746 0.0376 0.0021 0.0023 0.0051 0.0835
5547 0.1430 0.0545 0.0029 0.0023 0.0051 0.1519
7163 0.2340 0.0661 0.0048 0.0023 0.0051 0.2429
8642 0.3456 0.0762 0.0061 0.0022 0.0051 0.3546




UPWT TEST = 1586 RUN = 64 MACH = 2.00 CONFIGURATION = FW3I 2














ALPHA CN CA CN CY CAC CAB CA UNC
-3.67 -0.1276 0.0172 -0.0048 -0.0001 0.0015 0.0004 0.0264
-1.67 -0.0490 0.0175 0.0015 0.0001 0.0014 0.0004 0.0266
-0.76 -0.0136 0.0177 0.0041 0.0004 0.0013 0.0004 0.0267
0.27 0.0269 0.0179 0.0073 0.0004 0.0013 0.0004 0.0269
1.31 0.0711 0.0182 0.0107 0.0006 0.0012 0.0003 0.0271
2.34 0.1123 0.0184 0.0141 0.0009 0.0011 0.0003 0.0272
4.34 0.1914 0.0189 0.0211 0.0010 0.0011 0.0003 0.0277
8.28 0.3535 0.0199 0.0349 0.0018 0.0009 0.0003 0.0285
12.28 0.5274 0.0211 0.0483 0.0022 0.0009 0.0003 0.0297
16.34 0.7096 0.0226 0.0612 0.0037 0.0010 0.0003 0.0314
20.31 0.8780 0.0235 0.0726 0.0048 0.0012 0.0003 0.0325
0.28 0.0308 0.0180 0.0077 0.0004 0.0013 0.0004 0.0270
STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC
448.68 -5.1709 -3.67 -0.1309 0.0253 -0.0048 -0.0001 0.0021 0.0052 0.0345
448.68 -2.8145 -1.67 -0.0534 0.0190 0.0015 0.0001 0.0021 0.0052 0.0280
448.68 -1.0250 -0.76 -0.0183 0.0179 0 0041 0.0004 0.0022 0.0052 0.0269
448.68 1.1997 0.27 0.0216 0.0180 0
448.68 3.2932 1.31 0.0653 0.0198 0
448.68 4.6070 2.34 0.1059 0 0230 0
448.68 5.5063 4.34 0.1836 0 0333 0
448.68 4.8275 8.28 0.3404 0 0705 0
448.68 3.7979 12.28 0.5036 0 1326 0
448.68 3.0136 16.34 0.6666 0 2212 0
448.60 2.4711 20.31 0.8067 0 3264 0
448.60 1.4040 0.28 0.0255 0 0181 0
0073 0.0004 0.0022 0.0052 0.0270
0107 0.0006 0.0022 0.0052 0.0287
0141 0.0009 0.0022 0.0052 0.0318
0211 0.0010 0.0022 0.0052 0.0421
0349 0.0018 0.0022 0.0052 0.0791
0483 0.0022 0.0023 0.0052 0.1411
0612 0.0037 0.0023 0.0052 0.2298
0726 0.0048 0.0022 0.0052 0.3352




UPWT TEST = 1586 RUN = 68 MACH = 2.16 CONFIGURATION = FW3I 2
BODY AXIS
R/FT BETA
I. 99 0 00
i. 99 0 00
I. 99 0 00
I. 99 0 00
I. 99 0 00





















AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURE
CN CA CM CY
-0.1327 0.0168 -0.0060 -0.0004
-0.0571 0.0174 0.0000 -0.0001
-0.0214 0.0177 0.0031 0.0000
0.0166 0.0180 0.0062 0.0002
0.0547 0.0183 0.0095 0.0005
0.0922 0.0186 0.0130 0.0006
0.1633 0.0192 0.0193 0.0008
0.3180 0.0206 0.0328 0.0015
0.4795 0.0218 0.0450 0.0017
0.6511 0.0229 0.0569 0.0033
0.8219 0.0239 0.0685 0.0048



























DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL













































































































AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURE
ALPHA CN CA CM CY CAC CAB CA UNC
-3.82 -0.1908 0.0178 -0 0089 -0.0001 0.0014 0.0004 0.0256
-1.81 -0.0852 0.0177 -0
-0.94 -0.0420 0.0177 0
0.20 0.0194 0 0177 0
1.22 0.0739 0 0177 0
2.18 0.1229 0 0178 0
4.19 0.2262 0 0179 0
8.22 0.4366 0 0185 0
0.09 0.0138 0 0177 0
0015 -0.0001 0.0014 0.0004 0 0254
0016 0.0000 0.0014 0.0004 0
0061 0.0002 0.0013 0.0004 0
0101 0.0001 0.0013 0.0004 0
0138 0.0000 0.0012 0.0003 0
0216 -0.0001 0.0012 0.0003 0
0387 -0.0005 0.0010 0.0003 0








DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC
455.25 -6.3252 -3.82 -0.1929 0.0305 -0.0089 -0.0001 0.0017 0.0042 0.0382
455.25 -4.3572 -1.81 -0.0886 0.0203 -0.0015 -0.0001 0.0017 0.0042 0.0280
455.25 -2.4940 -0.94 -0.0458 0.0183 0.0016 0.0000 0 0017 0.0042 0.0260
455.25 0.8522 0.20 0.0152 0.0178 0.0061 0.0002 0 0017 0.0042 0.0254
455.25 3.5802 1.22 0.0691 0.0193 0.0101 0.0001 0 0017 0.0042 0.0269
455.25 5.2385 2.18 0.1176 0.0225 0.0138 0.0000 0 0017 0.0042 0.0300
455.25 6.3841 4.19 0.2195 0.0344 0.0216 -0.0001 0 0017 0.0042 0.0418
455.25 5.2563 8.22 0.4241 0.0807 0.0387 -0.0005 0 0017 0.0042 0.0880




UPWT TEST = 1586 RUN = 73 MACH = 1.80 CONFIGURATION = FW412











ALPHA CN CA CM CY CAC CAB CA UNC
-3 95 -0.1681 0.0171 -0.0077 0.0000 0.0012 0.0004 0.0240
95 -0.0789 0.0170 -0.0017 0.0001 0.0011 0.0003 0.0238
02 -0.0370 0.0170 0.0011 0.0002 0 0011 0.0003 0.0238
06 0.0101 0.0169 0.0042 0.0002 0 0011 0.0003 0.0237
06 0.0571 0.0170 0.0074 0.0002 0 0010 0.0003 0.0237
05 0.1014 0.0171 0.0106 0.0000 0 0010 0.0003 0.0238
09 0.1929 0.0171 0.0172 -0.0001 0 0009 0.0003 0.0237
00 0.3719 0.0171 0.0302 -0.0003 0 0008 0.0003 0.0236
08 0.0132 0.0170 0.0046 0.0002 0 0010 0.0003 0.0237
STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC









63 -4.1631 -1.95 -0.0818 0.0196 -0 0017 0.0001 0.0016 0.0037 0.0265
63 -2.2841 -1.02 -0.0403 0.0176 0 0011 0.0002 0.0016 0.0037 0.0244
63 0.3748 0.06 0.0063 0.0170 0 0042 0.0002 0.0016 0.0037 0.0237
63 2.9252 1.06 0.0529 0.0181 0 0074 0.0002 0.0017 0.0037 0.0248
63 4.6673 2.05 0.0967 0.0207 0 0106 0.0000 0.0017 0.0037 0.0274
63 6.0655 4.09 0.1869 0.0308 0 0172 -0.0001 0.0017 0.0037 0.0375
63 5.2633 8.00 0.3612 0.0686 0 0302 -0.0003 0.0017 0.0037 0.0751

















AXIAL FORCE CORRECTED FOR BASE AND CHAMBER PRESSURE
ALPHA CN CA (]M CY CAC CAB CA UNC
-3.78 -0.1410 0.0159 -0 0059 0.0000 0.0011 0.0003 0.0227
-1.71 -0.0596 0.0160 -0
-0.76 -0.0218 0.0160 0
0.30 0 0203 0.0161 0
1.33 0 0621 0.0162 0
2.24 0 0984 0.0163 0
4.32 0 1805 0.0164 0
8.33 0 3437 0.0165 0
0.30 0
0006 0.0002 0.0010 0.0003 0.0227
0020 0.0001 0.0009 0.0003 0.0226
0048 0.0002 0.0009 0.0003 0.0227
0076 0.0001 0.0009 0.0003 0.0227
0103 0.0001 0.0008 0.0002 0.0228
0163 0.0002 0.0008 0.0002 0.0228
0278 -0.0002 0.0007 0.0002 0.0229
0209 0.0161 0.0050 0.0003 0.0009 0.0003 0.0227
DRAG FORCE CORRECTED FOR BASE, CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC
448.68 -5.6713 -3.78 -0.1430 0.0252 -0.0059 0.0000 0.0015 0 0038 0 0320
448.68 -3.5364 -1.71 -0.0627 0.0177 -0.0006 0.0002 0.0016 0
448.68 -1.5526 -0.76 -0.0253 0.0163 0.0020 0.0001 0.0016 0
448.68 1.0067 0 30 0.0163 0.0162 0.0048 0.0002 0.0016 0
448.68 3.2742 1 33 0.0577 0.0176 0.0076 0.0001 0.0016 0
448.68 4.6498 2 24 0.0936 0.0201 0.0103 0.0001 0.0016 0
448.60 5.8258 4 32 0.1744 0.0299 0.0163 0.0002 0.0016 0
448.60 5.0363 8 33 0.3328 0.0661 0.0278 -0.0002 0.0016 0












UPWT TEST = 1586 RUN = 78 MACH = 2.16 CONFIGURATION = FW4I 2











ALPHA CN CA CM CY CAC CAB CA UNC
-4.04 -0.1387 0.0155 -0.0063 -0.0002 0.0010 0.0003 0 0219
-2.13 -0.0688 0.0157 -0.0019 0.0000 0.0009 0.0003 0 0220
-I.Ii -0.0310 0.0158 0.0008 0.0001 0.0009 0.0003 0 0221
-0.06 0.0076 0.0159 0.0036 0.0001 0.0009 0.0002 0 0222
0.93 0.0457 0.0160 0.0064 0.0000 0.0008 0.0002 0 0222
1.90 0.0814 0.0162 0.0091 0.0001 0.0007 0.0002 0 0223
3.89 0.1542 0.0164 0.0144 0.0000 0.0007 0.0002 0 0224
7.88 0.3041 0.0166 0.0250 -0.0001 0.0006 0.0002 0 0225
-0.i0 0.0070 0.0160 0.0035 0.0001 0.0008 0.0002 0.0222
STABILITY AXIS DRAG FORCE CORRECTED FOR BASE,CHAMBER, INTERNAL
DUCT SKIN FRICTION AND ZERO-LIFT DRAG DUE TO
BALANCE HOUSING GEOMETRY
Q L/D ALPHA CL CD CM CY CDD CDBH CD UNC









87 -3.9175 -2.13 -0.0715 0 0182 -0.0019 0.0000 0 0015 0 0036 0.0245
87 -2.0803 -I.ii -0.0341 0 0164 0.0008 0.0001 0 0016 0 0036 0.0227
87 0.2547 -0.06 0 0041 0 0159 0.0036 0.0001 0 0016 0 0036 0.0222
87 2.4900 0.93 0 0418 0 0168 0.0064 0.0000 0 0016 0 0036 0.0229
87 4.0768 1.90 0 0770 0 0189 0.0091 0.0001 0 0016 0 0036 0.0250
87 5.5521 3.89 0 1487 0 0268 0.0144 0.0000 0 0016 0.0036 0.0328
87 5.0687 7.88 0 2944 0.0581 0.0250 -0.0001 0.0016 0.0036 0.0640
87 0.2142 -0.I0 0 0034 0.0160 0.0035 0.0001 0.0016 0.0036 0.0222
253
Appendix C
Surface Pressure Coefficient Data
The talmlated surface pressure coefficient data are referenced to the free-stream dynamic pressure. Table CI
defines the colunm headings that appear on the tabulated data and identifies their corresponding symbols.
Table CII is an index to the tabulated data presented in Table CIII. All surface pressure coefficient data were
taken at si(teslip angle ,3 = 0° and R = 2 × 10(i/ft.
Table CI. Tabulated Data Symbols
Tabulated data heading Definition
Alpha ............................... _, deg
Beta .............................. /3, deg
Eta .................................. rl
Math ................................ M
Pinf .............................. Poc, lb/ft 2
Q ................................ q, lb/ft 2
x/c .................................
Table CII. Index to Tatmlated Surface Pressure Coefficient Data
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